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PREFACE

List of

Acronyms vs. Nomenclature

of the DGM Equipmients

Nomenclature Acronym Description

C-10716( ),'TRC OCU-l Orderwire Control Unit - 1

C-10717( )/TRC OCU-2 Orderwire Control Unit - 2

MD-1023( )/G LSCDM Low Speed Cable Driver Modem

MD-1024( )/G 1150DM High Speed Cable Driver Modem

MD-.1025( )/G RLGM/CD RLGM Cable Driver

MD-1026( )(P'j/G GM Group Modem

>ID-1065( )(P)/G 13MDAN/GRC-103 Radio Modem

TD-l218( )/G L3LPR Low Speed Pulse Restorer

TD-12l9( )/G Hsply High Speed Pulse Restorer

S TD-1233( ')/TTC RLGM Remote Loop Group Multiplexer

TD-1234( )/TTC RMG Remote Multiplexer Combiraer

TD-1235( )/TTC LGM Loop Group Multiplexer

) TD-1236( )/G TOM Trunk Group Multiplexer

TD- 123 7( )/G MGM Master Group Multiplexer

TS-3647( )/G W(U Cable Orderwire Unit

xiX



NOTICE

The Final Type Technical Report (CDRL G037) on the DGM equipment is an

update of the Design Plan Document (CDRL BOi9). All future tense sentences

which were used i the Design Plan should have been changed to present or past

tense. There is a chance, however, that not all of the tense changes were

caught during review. In actual fact the equipment design is complete and this

notice is incorporated to alert the reader to possible incorrect tense usage.

)
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SECTION 1

SUMMARY

This report describes the work done on the Digital Group Multiplex

family of equipments. This family of equipments is a component of the

TRI-TAC system and works with the TRI-TAC switch, AN/TTC-39; the

Communications Nodal Control Element, AN/TSQ-11l; and a number of

inventory ATACS equipments.

The equipment is designed in accordance with the specification

TT-BI-2202-0013A and subsidiary specifications referenced therein. One

of those specifications is unique to the DGM family: EL-CP0163-0001, the

TEMPEST requirement.

In this report, the system design, electrical design, and mechanical

design is discussed. EMI design is included in both electrical and mechani-

cal sections. Reference is made to other data items that cover maintain-

a "ability, reliability, and nuclear designs.

I\
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SECTION 2

SYSTEM DESIGN

The most far reaching system problem is thi orderwire. In this section

calculations are presented which justify the choice of orderwire concepts. The

unit design sections following then carry these concepts into the affected equip-

ments. Some aspects of interunit timing are also discussed in the system sec-

tion. The final telemetry concept is discussed. Framing coordination is common

to all units and is also presented here.

2.1 D1PHASE GROUP MODEM ORDERWIRE DESIGN

The diphase group modem is required to carry traffic on CX-11230 cable

V at 14 different rates plus a secure voice orderwire plus 2 kb/s telemetry at

rates of 256 kb/s and above. This section addresses the means by which these

signals are to share the same cables. An analog orderwire can replace the securE

voice orderwire and telemetry.

I2. 1.1 DESIGN GOALS AND REQUIREMENTS

The GM handles traffic at rates from 72 to 4608 kb/s. The distance

over which it must transmit depends on the rate as follows:

Rate (kb/s) Maximum Distance (miles)

Up to 576 2

1024 to 2304 1

4096 and 4608 1/2

The secure orderwire was either the VINSON at 16 kb/s or the PARKHILL

with a 300 to 2700 cps band. The same channel can also handle an unsecure

analog maintenance orderwire. It is desirable that the maintenance orderwire

use only passive circuitry in the GM. This can be ione if the maintenance

orderwire is put on the cable without modulation.

2-1
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2.1.2 DESIGN APPFOACH

The original specification requirements for a line rate equal to the traffic

rate implied the use of Frequency Division Multiplex (FDM) techniques to add the
orderwire and telemetry signals to the traffic signal. The FDM approach was
analyzed at great length using computer techniques and found to be inadequate.

It was not possible to provide secure orderwire and telemetry below a traffic

rate of 512 kb/s. Even at that rate, a considerable technical risk in the per-

formance of actual modem circuitry remained. The results of this analysis

are presented in paragraph 2. 1. 3 below.

In an effort to eliminate the traffic rate restriction, three other alter-

natives were considered:

a. Time Divisior Multiplexing (TDM) - This would put the 16 and

2 kb/s signals in the traffic bit stream. The line rate would then be nigher (
than the traffic rate. The lowest line rate would be 640 kb/s, thus providing

sufficient frequency space for the analog orderwire to be added at baseband

using FDM techniques. The analog orderwire could be either a secure

PARKHILL system orderwire or an unsecure maintenance orderwire. To be

precise, this is a hybrid TDM /FDM system, but will be referred to subse-

quently as a TDM system for simplicity.

The TDM approach can be adapted to use with equipments not

having a system orderwire or telemetry. To do this, each traffic rate has two

line rates. The hipher rate provides system orderwire and telemetry using

TDM. The lower rate is equal to the traffic rate, and provides only a main-

tenance orderwire. All traffic rates from 72 to 460 8 kb/s will be handled

this way.

b. Space Division Niultiplexing - If the orderwires were put on

WF- 16 field wire laid along sid'e the CX- 11230, there would be no interference

problems. Laying the field wire at the same time as the cable would seem

to be no great problem, bat this scheme has not generated much enthusiasm.

2-2
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0 c. Multi-Sampling - The low rates could be built up to some

fixei high rate, say 2048 mb/s, and the higher rates sent unmodified. This

li.z-its the distance to one mile from 72 to Z304 mb/s, and also suffers from

a.. -nacceptable increase in line rate similar to the TDM approach.

d. Change of Requirements - The FDM approach can be madL to

i: the requirements are changed. Tne new FDM approach is based o,, the

prosent requirements:

For rates at and above 256 kb/s - 16 kb/s secure voice -.,us

2 kb/s telemetry or analog maintenance order wire.

For rates from 72 to 288 kb/s - Analog maintenance orcer

wire only.

. '.. 5 DETAILED DESIGN DESCRIPThON

2. 3. 1 FDM Calculations, Original Requirements

:n this section, we will determine the signal to interference require.
=ezt:s, the telemetry carrier frequency, filter performance, minimum traffic4

ra4e. and guidelines for setting the relative levels of the three signals. Since

al z-:-antities interact, we must approach the problem by assuming one or more

s, calculating the others and seeing if the system will work with the
r:i: ::al assumptions. If not, the original assumptions are changed and the

ca--.:2ations repeated. The calculations given here are the result of several

I:e7a:ions of this process.

Pigure 2-I shows a block diagram of the signal paths in the GM. The
or:-rwire signal passes through two low pass filters, assumed identical. High
pass :':ltering in this path is assumed to have negligible effect. The telemetry

s-*.a :s modulated on the carrier and then put through two band pass filters.

Aza:-. there will be negligible high pass filtering. The traffic is put through

t-v_ ".':ch pass filters. Furthermore, the cable plus cable equalizer acts as
a _-a- pass filter to the traffic.

et us assume the bandwidths of the low pass filtering, and get frorn

:.e eve degradation of the orderwire and telemetry. The orderwire low
a I"ter is assumed to have a 3 dB point at /2 times its bit rate, or

2-3
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22. 63 kHz. The telemetry band pass filter is assumed to have 3 dB points

at Z/2 times its bit rate, or 5.66 kHz. This gives similar eye patterns.

The size of the eye pattern after two identical low pass filters is given in

Figure 2-2. At thc bandwidths chosen, the degradation with respect to the

peak signal is about 1 dB for either three or four pole filters.

19AFFICTRAFFIC H Z REASE REGENERATOR

TELEMETRY CABLETELEMETRY

E KB/S \O0 ] DEMOD REGENERATORDI PHASE

ORDER W, IREORE

It, KB/S OIFHASE ORE
OR ANALOG 

L 1

Figure 2-1. Signal Paths in GM, FDM Appro.', Original Requirements

Let us calculate the minimum value of signal to interference ratio that

the filtering must provide. We assume that the total peak interference must

be at least 3 dB below the eye opening. This means that the Lotal peak inter-

ference must be at least 4 dB below the peak signal of both the orderwire and

the telemetry. Each of the three signals on the line receives interference

from the other t'vo. We assume that the allowance should be divided equally,

so any one should be 6 dB below the total (peak addition). Therefore, any

one interference should be at least 10 dB below the peak signal.

There is no assurance that this allowance is enough to work with

Actual modems until well along in the breadboard phase. Therefore, the

system designer will plan to give better performance -'herever possible.

A more desirable figure %,ould be 20 dB.

Let us now set the telemetry carrier frequency and the number of poles -

in the ordervire and telemetry filters. From previous iterations it is knolin

0'at the choice of telemetry carrier frequency is not the limiting factor in

'--4
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the overall modem performance, therefore we can allow ourselves to

set the frequency on the basis of Z0 dB signal-to-noise ratio.

The carrier frequency is set by examining the interference between

orderwire and telemetry. Figure 2-3 shows the interference from the order-

wire to the telemetry as a function of the carrier frequency. The number of

poles in the carrier filter is a parameter. All frequencies are normalized

to the bit rate of the orderwire. We obtain the following results:

f (kHz) Atten (dB) Atten (dB)
o 3 Pole 4 Pole

24 15 15

28 27 35

32 37 40

36 37 39 (
40 32 33

Note that over most of this range, there is very little advantage in

using a four pole filter. Therefore, we choose a three pole band pass filter. Q
Figure 2-4 shows the interference from the telemetry to the orderwire

as a function of carrier frequency. The number of poles in the low pass

filter is a parameter. All frequencies are normalized to the bit rate of the C
telemetry. We obtain the following results:

f (kHz) Atten (dB) Atten (dB)3 Pole 4 Pole

24 5 3

28 6 8

32 8 16

36 11 25
40 14 31

Note that above 28 kHz, there is considerable advantage in using a

four pole filter. Therefore, we choose a four pole low pass filter. ()

F 2-6
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One of the parameters we have at our command is the relative level

of the signals. Therefore, the easiest way to determine the carrier frequency

is to set a limit on the sum of the attenuations from the telemetry to the

orderwire and from the orderwire to the telemetry. Afterwards, the levels

can be adjusted to equalize performance. The minimum value for this sum

is 20 dB, but the desired value is 40 dB. The sum is:

f (kHz) Sum of Attenuations (dB)0

24 18

28 35

32 53

36

40 68

If we are to be precise, we should, at this point, correct the sum of the

attenuations to allow for the effect of varying cable lengths, which changes

the relative received levels given fixed transmit levels. However, from

previous iterations, it is known that this correction is about 1 dB, and the

\ariable length effect must be controlled by the interferences between the

orderwire and the traffic signals. Therefore, we can neglect it here. We

now choose the carrier frequency as 32 kliz because it gives us a sum above

the desired 40 dB. We remember, however, that if there is trouble later

with the telemetry interfering with the traffic, we can cut the carrier down

to 28 kHz ard still bave a fairly conservative design.

Let us now get the interaction of these two signals with the traffic.

rhis will set the minimum traffic rate. We must now assume a very important

parameter: the 3 dB frequency of the high pass filter. We know from past

iteration- thiat if this frequency is not set rather high, there w-ll net be a1

clean enor:gh low frequency slot for any telemetry or orderwire. Setting this

fiequency hA,  i causes a very serious degradation of the traffic eye. Figure

2-5 shows the degradation of the eye pattern for dual high pass filters and a

single low pass filter. The low pass filter, which represents the cable plus

equalizer, is assumed to have a 3 dB frequency of t& ice the bit rate. if tis is

changed to /2 times the bit rate, it makes very little difference.

2-9
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A three pole high pass filter is chosen, and three bandwidths are carried

Ck" through the following calculations. The reason for this is the degradation is

so serious that the ability of the regenerator to handle it is crucial. This

ability will be known later. Let us carry three filter values: 5 percent,

.4 7-1/2 percent, and 10 percent of the bit rate. This gives us degradations

of 5, 9-1/2, and 15-1/2 dB, respectively. Translated into the signal-to-

noise allowance for one interfering source, this means that the traffic requires

the following signal-to-noise ratios:

3 dB Frequency S/N in Traffic Sum of Atten (dB)
(O, of Bit Rate)

5 14 24

7-1/Z 18-1/2 28-1/2

10 24-1/2 34-1/2

10 dB is added to get the sum of attenuations. This is the minimum

allowed in either the orderwire or telemetry. We would like to add in another

S. 10 d13, but this is the crucial case, and we may not have it to spare.

From previous "terations, it is known that the interference between the

traffic and the telemetry is not the lir& 4ing case. Therefore, we will merely
give the results here.

C Traffic Sum of _ttenuations, Tlm. to Traff. + Traff. to Tim.
! kb st

5% Filter 7-1/2", Filter 10% Filter

256 35 35 39

288 37 38 43°5

512 51 60 72

576 55.5 (,2.5 80.5

1024 84 106.5 120

1152 93 114.5 128

This shows that the teleirretr/ will permit op, ,,tion down to 256 kb /s,

even if the telemetry carrier is at 32 kHz.

2-11
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Now let us look at the orderwire to traffic interactions. Figure 2-6

shows the interference from the telemetry into the traffic. The frequencies

are normalized to the orderwire bit rate. We have alread, chosen a three Q
pole filter. We obtain the following res ;lts:

Traffic Attenuation Attenuation Attenuation
(kb/s) (5% Filter) (7-1/2% Filter) (10% Filter)

256 -1 4 7

288 0 5 9

512 7 13.5 18.5

576 9 15.5 20.5

1024 18.5 27 33.5

1152 20.5 29.5 36.5

Figure 2-7 shows the interference from the traffic to the orderwire. (
Three pole high pass filters are shown at 5 percent, 7-1/2 percent, and ten

percent of the bit rate. All frequencies are normalized to the bit rate. The

frequency variable on the abscissa is the 3 dB point of the low pass filter,

which appears to vary because of this normalization. We obtain the following (
results:

Traffic Attenuation Attenuation Attenuation
(kb/s) (5% Eilter) (7-1/2% Filter) (10% Filte I-)

256 7.5 16.5 25.5

288 10.5 1q.5 28.5
512 24.5 33.5 42.5

576 27.5 36.5 45.5

1024 42 51 60

1152 45 54 63

2-12
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Now we can get our sums of attenuaLion:

T raffic Sum Sum Sum
(kb/s) (F% Filter) (7-1/2% Filter) (10% Filter)

256 6.5 2o. 5 32.5

288 10.5 24.5 37.5

512 31.- 47 61

576 36.5 52 66

1024 60.5 78 93.5

1152 65.5 83.5 99.5

Min required 24 28.5 34.5
Min traffic 512 512 28S

rate

A minimum traffic rate of 512 kb/s seems achievable. Operation at

288 kb/s looks possible on paper, but the regenerator that will work with the

ten percent filter has yet to be demonstrated. Even 7-1/2 percent is a risky

design.

2. 1. 3. 2 TDM Calculations

In the TDMI approach, two mods of operation are provided. In the first,

Mode A, the line rate is increased to accommodate the VINSON and 2 kb/s tele-

metry. The lower rztes are built up to provide a well cleaned up band at the

bottom for the PARKIIILL or v aintenance orderwires. In the sec ,nd, Mode B,

the line rate is equal to the traffic rate. This is shown in the following table:

Line Rate tkb/s)
Traffic Rate (kb/s) Mode A Mode I

72 640 72
123 576 128
144 640 144
256 576 256
288 640 288
512 576 511
576 640 57o

1024 2304 1024
1152 2560 1152
1536 2304 Ir3 6
2043 2304 2048
2304 2560 :304F 4096 4608 4096
4608 5 1 0 4o08

2-15
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All the traffic rates from 72 to 576 kb/s in Mode A use either 576 or

640 kb/s on the line. These line rates are chosen to provide two mile opera-

tion while providing the maximum baseband for the analog orderwire. For

use with RLGM and RMC, a maintenance orderwire can be provided in Mode B

all the way down to 72 kb/s (see paragraph 2.6).

The interference calculation for the TDM scheme is based on the most

difficult case: 72 kb/s in Mode B. At the option of the designer, all Mode B

cases can use the same levels and filters. The performance of the traffic

will be better at higher rates because the intersymbol interference will be

reduced. The performance of the orderwire will be better at higher rates

because the spectral density of the higher rate signals is less.

In Mode A, the same filters and levels can also be used for maintcnance (
orderwire.

Let us now calculate the interference for the 72 kb/s Mode B case. Pre-

liminary breadboarding has determined that the maximum high pass filtering

that the regenerator can accept is a 5 percent filter; i. e. , the 3 dB point is

at 3600 cps.

The orderwire is an analog speech signal. It can be treated as having

a Gaussian a~nplitude distribution on a long-term average, with an unknown

risk of short-term deviations. Curves are available which give the long-term

spectral distribution, but it is risky to rely on them here. Sibilants or

whistlhng can violate this spectrum for many milliseconds. If we assume a

flat spectrum, that should cover sibilants, but the system cannot be guaranteed

safe from whistling.

To get the interference from the orderwire into the traffic, we integrate

a flat spectrum passed through the 5 percent high pass filter up to 2800 cps.

if the orderwire low pass filter reaches its specified attenuation at 2800 cps,

the integrated value should not be exceeded by speech or sibilants. The in-

tegrated result is that the power in the traffic channel will I e 14. 8 dB belong,

the total speech power. As a matter of interest, if a whistle is no higher than

the test tone level and no higher than 2000 cps, the limit will not be exceeded.

2-16
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The 2800 cps figure was selected to give an adequate filter transi:.on. It

has a very sharp band edge. The maintenance orderwire would probabiv origi-

nae -rom a fairly wideband orderwire console, and would have to be ba:-d limited

i=.:t:e GM. An elliptic filter having a rather steep band edge will be used -or

ba::c limiting. This defines the maintenance cderwire bandwidth, as , be

To get the interference from the traffic into the orderwire, we integrate

the diphase spectrum components passing through the 5 percent high pass filter

to 2300 cps. This gives an interference power 51.8 dB below the diphase rms

value (or peak value, they are about equal).

Lt is intended that the modems operate at fixed transmit levels and have

no adjustment of receive levels or equalization. We will see if the breadboard

per'ormance permits this kind of operation. The R units will then equalize two

mnIes of cable to 144 kc, using a simple one pole, one zero equalizer. The

G%. ,vill have to equalize two miles of cable to 640 kc because it must transmit

up :o this rate for two miles. The calculations have been done for both equaii-

zato:ns and the results are the same within 1/2 dB. Therefore, the onlx differ-

erce made by the wide equalization is the higher gain amplifier required.

The R units have the aption of equalizing to 144 kc or 640 kc. If an R

u:n-t at 144 kc feeds a GM equalized for 640 kc, it will still work. We now

reed to get the loss variation with distance of the signals (see Figure 2-Si. The

orzerwire loss is 5 1/2 dB per mile. The diphase loss is less straightforward.

:he loss of impnrtance is the loss measured at the sampling point of the equalized

eve. This loss is approximately equal to the loss of the variable cable and the

fixed equalizer at the lower 3 dB point of the equalizer, 16 kc. The loss of the

calle is 6 dB per mile, and the loss of the equalizer is 29 dB.

Refer to Figure 2-9. The traffic passes through a total loss of:

6M + 29 dB

S with N in miles. The orderwire encounters the following loss in getting into

the traffic channel:

5. 5M + 14.8 + 32 dB

2-17
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Designating the traffic transmit level in dBm as Tt and the orderwire

transmit level in dBrn as T o , the signal to noise ratio in the traffic channel

peak to rms is:

Tt - T + 17.8 - 0.5M
t 0

Setting this to 25. 5 dB, we obtain the maximum allowable orderwire level:
T t - T 7.7 + 0.5M

The highest orderwire level is set by the two mile case and is 8. 7 dB

below the traffic.

The loss experienced by the orderwire is in its own channel i. just:

5. 5M

When the traffic signal enters the orderwire channel, the only components

that count are those at the orderwire frequencies. The loss at these frequencies

is:

5. 5M +351. 8 dB

The signal to noise in the orderwire is then: (rms to rms basis)
T -T t + 51.8 dB

A, Let us set the minimum orderwire signal to noise ratio at 20 dB. This

gives a definitely audible interference signal, but a useful orderwire will result.

The minimum orderwire signal level (test tone) is then 31.8 dB below the traffic.

The transmit traffic level is set equal to the signal out of the existing

TTC-39 modems: 3V p-p into 62 ohms. This is 36. 3 m\V or + 15.6 dBm. The

maximum orderwire level is then +6. 9 dBm. Due to the unpredictable short

term behavior of speech, we must make sure that this level is not exceeded.

The minimum orderwire level for 20 dB S/N is -16.2 dBm.

It is desirable to make the maintenance orderwire in the GM passive.

If the COU were the only unit interfacing with the RLGMCD and the GM, we

would have freedom to set the orderwire level anywhere in the range - lo. 2 to

+6. 9 dBm. However, the CNCE must also interface here, and we might

be stuck with a -4 dBrn transmit level. For the moment, let us assume the

losses in the GM filter and tran,,former to be 2 dB from input to line (and

2-19
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.rom line to output). With a -4 dBm interface level, our assumption will

-ea-6 udrline signal, and a 302 SIN. Withu two miles of cable, the

received line signal will be -17 dBm and the received signal will be -19 dBni

at the interface. This is low but useable in the CNCE. It is quite adequate

for the COU which can work on a circuit loss of 30+ dB. The only problem is

1' the signaling tone. The GNCE puts out a -14 +1 dflm signaling tone at a -4 dBrn

test tone level. Since this allows signaling to be as low as 11 dB below test

tone, the minimum signaling received level is -30 dBm. The CNCE signaling

sensitivity is specified down to -29 dBm. If the losses were to be 4 dB each

~.:stead of 2, the received test tone would be -Z3 dBm, and the signaling level

- 4 dBmn.

To get around this either:(

a. The CNCE must provide increased sensitivity, or

L,. A CNCE to CNCE connection miust be prohibited and the COU
must make up the difference by having higher transmit le\ els

at its end of the systemi, or

C. The (1M1 and RLG1\1CD must have amplifiers or

d. The C NCE' must provide higher transmiit levels

Let uis now choose' a filter dty-Aign for pla nning purposes. The traffic h igh -

f ilter it,~ already chos;en as being a 3-pole B~Lte rworth filteri having 3 d 13

re"qaienc y of 3600 cps. Figu re -10 ,Iio\\S a onstant input imipedanefltri

~: rinsmit Side. This wolbe a g~ood idea for tiie driver, w\hichmyben-

- er.A o-Ilinear1 driver w orking into a red1Ct iVe imlpedance, nan ive ba d

C i1 . artion, par-ticullarly uinequal rise and fall times. Figure 2- 11 shows the re -

cc i'~o side. 'lThe relative positions of the filter and transformier are at the

C.Osigner' 5 option.

n orIder to get the best possible 'bandwidth, at m-ode rate cost, choo-se

a 4.-pole elliptic filter for the o rde rwire. l'hi s provides a handy olitput i nducor- (.

ac usted to reduce loading of they traffic. This inductor m--ay hlave to be ad uIst ed

to reduce inte racti n betw,,een the tilt ers. Since this filter need only provide

dB total attenuation in coniunction wvith the high pass filter, a stop hand

ateuat ion ol only 25 d11 is chosen. 1 lie frequiency where it r ea cl-~s this \ a lie
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is set at 2800 cps. To get the maximum pass band, we will choose a filter

with about 1/3 dB ripple. This means allowing a considerable reflection co-

efficient. It takes no more circuitry than a filter with less ripple, and a mis-

-match on the orderwire interface appears to be a low price for a wider pass

band. Choosing a filter with a 25 percent reflection coeff.cient provides 0.25 dB

ripple and a band edge of 2000 cps. The 25 percent reflection coefficient means

that the impedance can vary from 0. 6 to 1. 667 times the nominal impedance.

Figures 2-10 and 2-11 show this filter with a transformer on the interface

side. The position of the transformer is a designer's option.

2. 1. 3. 3 FDM Calculations With Revised Requirements

In order to mak. !-z FDM approach practical, the requirements ha-e been

revised, as mentioned in paragraph 2. 1. 2. d. This revision reduces the number

of signals on the cable at one time to be reduced from 3 to 2. This improves

the required interference levels by 6 dB as each signal encounters one interferer

instead of 2. The 6 dB advantage permits operation down to 256 kb/s, whereas

with 3 signals, operation could be provided only down to 512 kb/s.

T(, achieve the t\\o-signal goal, the two digital signals, 16 kb/s VINSON'.

and 2 kb/s telemetry are Time Division Multiplexed together. The resulting

bit stream lb 32 cib/s, thus allowing for plenty of overhead for denultiplexing.

When used, the maintenance orderwire occupies the same part of the spectrum

previously occupied by the 32 kb/s signal.

Figure 2 .12 shows a block diagram of a GM with this scheme. Note that

there is no high pass filter in the traffic transmit circuit. In this case, the trans-

mit high pass filter does not pull its weight. It causes degradation in the eye

pattern in an amount more than the reduction in interference into the order\ ire

than it provides. Therefore, it can be eliminated. The optimum orderwire level

rises as a consequence.
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DIDPHASE CABLE OIPHASE'RAFFIC AMP REGENERATOR

N =2
25 KHz

-2 KB/S AMPNRZ
NZ O.W. REGENERATOR

N 4 N 4
20 KHz 20 KHz

Figure 2-12. Group Modem with Revised Requirements

Figure 2-13 shows the computer calculated interference of the traffic into
:.e orderwire. The only filter reducing this interference is the orderwire re-
-ive filter. The filter chosen is a 4-pole filter with a 3 dB point at 20 kHz.-:s fo/f = 20/256 = 0. 078, and the interference peak from Figure 2-13 iso r

7 dB below the traffic signal level.

Figure 2-14 shows the computer calculated interference of the order\\ ire
":::o the traffic. The filters reducing tnis interference are the orderwire trans-

low pass filter and the traffic receive high pass filter. The orderwire signai
a 32 kb/s NRZ signal to minimize the require d bandwidth. The transmit

-.% pass filter is the same as the receive low pass filter, i. e. , a 4-pole filter
20 k'z."'le recei-e high pass filter is a 2 -pole filter with a 3 dB point at

2, :5Hz. This is approximately a 10% filter, but the resultant eye pattern is good
"'- -ause there is only one such filter in the traffic signa] path. Normalizing with
respect to the orderwire rate of 32 kb/s: the high pass filter f 3/f = 25/32
- 7S, and the low pass filter f 3/f- 20/32 = 0. 625. The interference peatk from
7F:re 2-14 is 7 dB below the orderwire signal level.
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Now let us calculate the required signal ,o noise ratios. Figure 2-15 shows

the eye degradation caused by a single high pass filter. For the traffic, f /fr
25/256 = 0.098, and degradation is 3 dB. If we set the peak interference 3 dB

below the eye peak, the required signal to noise ratio is 3 + 3 = 6 dB. To get

the eye degradation of the orderwvire signal we can use Figure 2-2. That was

calculated for a diphase signal, but as far as the high pass filter effect is con-

cerned, an NRZ signal at 32 kb/s is equivalent to a diphase signal at 16 kb/s.
Therefore, we enter Figure 2-2 at an equivalent f 3 /f= 20/16= 1.25. The de-

gradation for 4-pole filters is 2 dB. The required signal to noise ratio is then

3+2=5 dB.

If we have the ireeaom to set levels, we compare the sum ot the attenua-

tions required with the sum of the attenuations available. The sum of the atten-

uations required is 6 + 5 = 11 dB. The sum of the attenuations available is

24.7 + 7 = 31. 7 dB. Therefore, this scheme is practical and there is almost

20 dB leeway in setting levels.

O_

10-1

.Lw 2 POLE

201 4 POLE

254 F3  3 08 POINT OF FILTER
F R  BIT RATE

00IOI, r -.------ ' --

F 3 FR

Figure 2-15. Degradation of Eye Size through One HFigh Pabs Fi!ter,
Diphase Signal
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We now need the interference between the maintenance orderwire and the

traffic. The maintenance orderwire must be provided down to 72 kb/s, and that

is the limiting case. Again, we will assume no transmit high pass filter in the

tra::ic. There will be a 10% receive high pass filter, i.e., at 7200 Hz. Calcu-

lations of the interference from the orderwire to the traffic were made assuming

both a 2-pole and a 3-pole filter. The integration was carried up to 2800 Hz as

was done in paragraph 2. 1. 3. 2. The result is that for the 2-pole filter, the

interference is 23 dB below the orderwire level, and for the 3-pole filter the

ir.ter'erence is 32. 7 dB below the orderwire level.

Calculations were made of the interference from the traffic to the order-

v. ti-e. ihere is no high pass filter helping here. Again the integration was

.arried up to 2800 Hz. The result is that the interference is 40. 1 dB below the (
trafic level.

For the speech signals, the SIN in the traffic is set to be 20 dB below the

eve neak: 20 + 3 = 23 dB. The minimum S/N in the orderwire is set at 20 dB.

Thereiore the required sum of the attenuations provided is 63. 1 dB for the 2-

)ole filter and 73. 8 dB for the 3-pole filter. Therefore, either will work. The

t ree pole filter will provide a better signal to noise ratio in the orderwire, but

onv i: enough orderwire input is available to raise the orderwire level on the

cable. If the GM is to have a passive orderwire which is limited by the CNCE

level to -4 dBm. there is no particular advantage in the 3-pole filter. The levels

%-ere discussed in paragraph 2. 1.3.2, and the same limitations apply here.

The low pass filter used in the maintenance orderwire must be a sharp

ore, as discussed in paragraph 2. 1. 3. 2, because it must work with traffic down

to 72 kb/s. However, there is anot!her interesting case that should be explored:

iH t:ere are two versions of the diphase GM, each one %vould be much simpler.

This is a possibility for improved design that will be explored. In that case,

there is another interference case that should be calculated: what if there were

no s.-arp low pass filter for rates of 456 kb/s and above? It would save a lot of

zpace on the modem. The design of the modem \\ould then break into two versions,

72 to 144 kb/s with maintenance orderwire only, and 256 to 4608 kb/s with secure

,'1-s telen'etry or maintenance orderwire.
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To explore this possibility, we derive approximate integrals for the

intfrference. For the orderwire into the traffic we have:

Ptot 1 f dft- I f 3

E B

Where Ptot is the interference power, E is the orderwire power, B is the top

frequency of the orderwire, f3 is the 3 dB frequency of the high pass filter, and

N is the number of poles in the high pass filter. If B << f3 ) we have ttie approxi-

mation:

P tot I B 2N

E2  2N+

If we assume B = 4 kHz and f = 25 kHz, the orderwire interference into the

traffic is 38. 8 dB below the orderwire level.

For the traffic into the orderwire we have:

Ptot 2 2si0) f

E r r

Now E2 is the traffic power, Ptot is again the interference power, B again the
top frequency of the orderwire, and f r is the information bit rate. If B e< f

we have:

P to- 2 B3Pt ot ,

2 ~6 f l
E H

With B = 4 kHz and fr 256 kb/s, the traffic interference into the orderwire is
52 dB below the traffic level. The sum of the attenuations is a handsome 90. 8

dB. Therefore, the two version concept of the diphase modem has much to

recommend it on theoretical grounds. The actul merits of this scheme depend

on the physical configuration and cost.

With the addition of a maintenance orderwire to the remote units, these con-
sderations have been obsoleted. The diphase GM must be compatible with the re-

mote unit maintenance orderwire, lnd this design is described in paragraph 2. .

2-27
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2.2 CDM ORDERWIRE

*two There are two versions of the CDM: High Speed and Low Speed. The

two versions have the same orderwire requirements:, a maintenance orderwire,

a secure voice orderwire, and a 2 kb/s telemetry channel. These units act

as cable terminals for repeatered cable systems. To simplify the repeaters,

the line rates of the CDM's are independent of the traffic carried. The

spacing between repeaters is fixed, although the distance betwee i a terminal

and the first repeater is variable. The system length is varied by varying

the number of repeaters.

2. Z.1 DESIGN COALS AND REQUIREMENTS

The Low Speed CDM handles traffic at rates from 72 to 2048 kb/s. The

High Speed CDM handles traffic at rates from 409o to 18, 720 kb/s. Other ,

significant quantities are:

Line Rate Repeater Spacing Maximum System

Version (kb/ s) (mi. Length (mi.) (
High Speed 18,720 1/4 5

Low Speed 2,048 1 40

The maintenance orderwire is an analog voice channel having a band-
idthof at least 1700 cps. It should work with faulty repeaters in the system I

and be independent of cable power and any other signal on the cable. Access

to this orderwire is a':ailable at the CDM and each repeater.

The secure order\\ire is the VLNSON at 16 kb/s.

2.2.2 DESIGN APPROACH

The Low Speed CDM required more design effort because the orderwire

:equirements are the same for both systems while the lower traffic rate gives

the more difficult problem, in combining and decombining, and the system is Q
the longer, thus giving more loss and tandeming problems. After the Low

Speed system was determined, then the High Speed system was made similar

for the purposes of commonality.
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The specification called for the line rate to be equal to the highest
traffic rate handled. This implied that Frequency Division Multiplexing

be used to get all the signals on the same cable. Therefore, the first

approach was to design an FDM system.

In an FDM system, the combined line signal must be split at each

repeater. This is because:

a. The traffic must be regenerated at each repeater.

b. The maintenance orderwire must go through each repeater

on a passive basis.

c. The loss in the long cable system is so great that the

secure orderwire and telemetry must be amplified in each repeater, while

the maintenance orderwire :rrust use loading coils.

This presents a serious problem: the filtering effects on the orderwire

and telemetry signals are compounded 80 times in a 40 mile system. This is

the effect that limits the system length. In an effort to eliminate the length

limitation, two alternatives are considered:

a. Time Division Multiplexing - This would put the 16 kb/s

* VINSON and the 2 kb/s telemetry in with the traffic bit stream. This raises

the line rate slightly. The line rate is then not as specified, but this affe:tc.

the Pulse Repeater and the CDM only. The traffic and orderwire signals would

enter and leave the cable terminals in exactly the same rmanner as the FDM

sy:tem, so no compatibility problems with other equipments are created. This

alternative was pursued in the equipment design Sections 11 and 12.

b. Space Division Multiplexing - Putting the orderwire signals

on another cable or field wire is not so easy here. The 40 mile length would

require orderwire repeaters at intervals. This alternative was not pursued.

2. 2. 3 DETAILED DESIGN DESCRIPTION

In this section, we will determine the characteristics of an FDM% system

designed to go 40 miles. Since the computer calculations show this to be im-

possible, a second iteration of the system is given. Thpn the characteristics

of the alternative TDM system are discussed.
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2.2. 3. 1 FDM Calculations

Again, the system design is an iterative process. We assume sone Q.
parameters, calculate the others, and see if the original assumptions give a

workable system. If not, the original assumptions are changed, and the cal-

culations repeated. The calculations given here have already been through

several iterations,

Figure 2-16 shows a block diagram of the signal paths in the CD.M\ and

the PR. The maintenance orderwire passes through low pass filters and

loading coils. The traffic passes through two high pass filters before regenera-

tioh. The telemetry and secure orderwire signals are put on carriers and

passed through individual bandpass filters in the CDM. At each PR, the two

carriers pass through the same bandpas3 filter, with one filter at the input

and another at the output. The cable plus equalizer acts as a low pass filter

for the traffic.

TRAFIC _F

DIPHASE .. EQ REGEN

L 2304 KB/S

TELEMETRY / r*\j TELEMETRYt :,oASE MOD AND
KBsDORDERWIRE .-

To ' NEXT
A _ _ - . RE PEATR

I E :__

MAINT. ORDERWIRE

ANALOG 1/ LOADING LOADING

COIL COIL

CoM PR

Figure 2-16. Signal Paths in the CDM and PR FDM Approach
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Let us assume the bandwidths of the individual bandpass filters, and

4 get from that the eye degradation of the digital secure orderw ' and the

telemetry. These filters are assumed to have 3 dB points at 2/2 times the

bit rates, or 45. 25 and 5. 65 kHz, respectively. Figure 2-2 shows the size

of the eye pattern for low pass filters, and this can be used for the equivalent

bandpass filters. At the bandwidths chosen, the degradation with respect to

the peak signal is about 1 dB for either three or four pole filters.

The minimum value of signal to interference ratio for these signals is

10 diB, Just like the case of the GI in paragraph 2. 1.3. Again, a more desirable

figure would be 20 dB.

Let us now set the spacing between the telemetry and orderwire carriers
and the number of poies in their bandpass filters. From previous iterations,

it is known that this is determined primarily by their mutual interference and

is almost independent of their interferences with the traffic and mai,.tenance

signals.

Figure 2-3 shows the interference frcrn the orderwire to the telemetry.

The computer program used to provide the data for this curve treats a base-

band signal as if it were a carrier signal. Therefore, the figure can be used

for two carrier signals at any frequency including dc. The only thing thatI.matters is the separation between .arriers. All frequencies are normalized

to the bit rate of the orderwire. We obtain the following results:

Separation Attenuation (dB)
(kHz) 3 Pole 4 Pole

24 15 15

28 27 32

32 37 40

40 32 32

48 33 33

The four pole filter is not much better than the three pole, so we choose

the three pole, 32 kHz spacing puts the telemetry in the spectral null of the

lb kb/s orderwire signal, so it .s better than higher or lower frequencies.
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Figure 2-4 can be used for the interference from the telemetry to the

orderwire for the same reasons used for Figure 2-3. All frequencies a.-e

normalized to the bit rate of the telemetry. We obtain the following results:

Separation Attenuation kdBi
1kHz) 3 Pole 4 Pole

24 5 3

28 5.5 8

32 8 15

40 14 31,5

48 20 34

The four pole filter is noticeably better, and is therefore chosen.
(

Again, since we have the option of setting the relative levels, we add the k
attenuation from the orderwire to the telemetry to the attenuation from the

telemetry to the orderwire:

Separation Sum of Attenuations
jkHzl (d B)

24 18

28 35

32 52

40 63.5

48 67

The sum should be at leAst 20 dB, and 40 dB is desirable. 32 kHz

spacing meets 40 dB and 24 kHz meets neither level. The spectral null is

what makes 32 kHz so good. 28 klIz meets the minimum but not the desirable

level. For this iteration we choose 32 kHz, although if it becomes crucial

further c-i, 28 kHz can be used.

It is now necessary to co:,sider the interactions of the carrier signals

and bandpass filters with the maintenance orderwire at the low end and the traffic -4

at the high end. After a number of iterations it -'as found that there were

two major limitations on the system length: the degradation of the carrier

eye patterns cavsed by the tandem bandpass filters and the increase in
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maintenance orderwire loss caused by the loading effects of the tandem

bandpass filters. The orderwire loss at 1600 cps was 6 dB per mile if the

bandpass filter was designed at 62 ohms, but dropped to 1.8 dB per mile if

the filter was designed at 250 ohms. Increasing this impedance further causes

the high pass filter to distort the bandpass filter to the point that the orderwire

eye pattern closed. A 72 dB loss orderwire may be designed, but it is a risky

thing to put in the field.

At the high end a filter set was designed to minimize the carrier eye

pattern degradation at the expense of degrading the traffic eye pattern. The

purpose was to determine the upper bounds on system length. The upper 3 dB

p(int of th'e bandpass filter %was ict at 100 klIz, and the 3 dB point oi tne high

pass filter was set at 200 kHz. The high pass filter then becomes a ten percent

filter, and, as stated in Section 2. 1. 3, a 'en percent filter is probably beyond

the capabilities of a practical regenerator. Even with this filter the computer

run of the tandem filter eye patterns showed that phase distortion on the carriers

closed the eye after only ore filter.

The computer was then instructed to ignore the phase function. This is

the equivalent of perfect phase equalization. The resultant eye patterns are

given here first in terms of the number of filters (two per mile), and as a

function of VINSON carrier frequency at 16 filters (eight miles). The VINSON

suffers the most. Figure 2-17 shows the eye degradation as a function of

number of repeaters. A 70 percent degradation should be set as the limit,

because perfect equalization cannot be achieved in finite circuitry. It is

estimated that practical equalization would cut the eye size to 25 percent, a

rather poor figure. It is important to note that there is not enough room in

the repeaters for phase equalizers. It must be done in the CDM, and there-

fore must be varied for system tength. Figure 2-13 assumes a 48 kHz carrier

for the VINSON. Is the situation better if this is lowered9 Consider Figure 2- 18.

Practically no benefit is gained. This is because pha,;e cstortion due to band

edge amplitude distortion extends quite far toward the haid center. Another

degradation is shown in Figure 2- 19. Here it is shown that 100 percent nnodu-

lation causes additional degradation of the eye pattern. Figure 2-12 can be

appied totbe !NSOY at !2r th tt ieiie i y at -%4 miles. The reason
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Figure 2-17. Eye Degradation of 16 kb/s Diphase vs System Length zT..

,or this degradation is that the amplitude characteristic of the compounded

::l:ers suppresses the information sideband nearest the band edge while en-

',-ancing that nearest the band center. This gives the effect similar to that of

vestigial sideband system. Vestigial sideband systems have the characteristics

..at the frequency response is a function of modulation depth.

The result of this iteration is that an FDM system cannot go the full

,!.",ance. It would appear from the computer runs that a 12 mile system

juld work, but when actual equipment is built it is more likely that the length

would be no more than five miles. What can the next iteration consider') Two

possibilities are: (
a. A s,,-bten: designed to go ivc to eight miles kisinp, FDI.

:, A T DM system designed to go 40 miles.
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Z.2.3.2 TDM System

The TDM system was the one with the least risk. The worst problem

was to get a simple regenerator to extract stable timing in the presence of

high pass filtering.

In choosing the TDM system, we raised the line rate. The line rate for

the low speed system became 2304 mb/s, to choose a rate in the TRI-TAC

spec. ThIs affects only the CDM, PR, and COU, all of which are units in

this contract. The other elements in the TRI-TAC family are presented with

separated tro'ffic (at the traffic rate), secure orderwire, maintenance order-

wire, and telemetry in the identical manner to that of an FDM system.

In a TDM system, the VINSON and telemetry are multiplexed into the

traffic. The VINSON uses an external buffer to accommodate its asynchro-

nous clock.

Let us calculate the interferences between the two signals on the cable:

the digital signal and the mainten~ance orderwire. From previous iterations

of this calculation, it is known that the interferences are very low, simple (
approximations are capable of giving useful results, and a great amount of

freedom is available to the designer to change the various levels and filters

without noticeable effect on system performance.

First we choose the traffic high pass filter. It is assumed as a 3-pole

Bltttcrworth filter at 30 kr-z. Fur the lov speed line rate of Z304 kb/s, this

is a 1.3 percent filtec. The eye degradation is about I dB. There is only

one interfering signal on the line, and it is an analog signal. We will, there-

fore, require a 20 dB eye peak to interference rms ratio, or 21 dB signal

peak to rms interference ratio.
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The orderwire signal will receive a contribution of traffic interference

from each repeater. They will almost be in phase, so let us assume that

k.. thev are completely in phase. Therefore, if we want a 20 dB s!n (rms to rms)

in the orderwire at the end of 40 repeaters, we need 20 + 32 = 52 dB per re-

peater.

To calculate the interference from the orderwire to the traffic, we

assume that the orderwire can be represented by a sinewave at full test tone

level at 1700 cps. This is conservative. With the assumed high pass filter,

the aTtenuation is 74. 8 dB.

To calculate -he interference frcom the traffic to the orderwire, we will

approximate the spectrum and integrate.

P± 2 L (-sin 2 0 )A(f)df 0
f 6 2f

r r

P = Interference Power

r = Peak Diphase Voltage

f "= Bit Rater

fH Top Orderwire Frequency

2 N
A A(f I =Power Attenuation of HPF

~0
f 0 3 dB point of HPF

N = Number of poles in ITPF

For 2 3-pole filter, thfe approximate value of the integrz.1 is:

p 7 2 - f 119

E f f 9

r 0

P..::inP in 1.8 kHz for the top orderwire frequency, 2304 kb/s for the bit rate,

.nc 3 kHz for the filter corner frequency we get an interference po\\ei 169, 1

cS .i0\\ the diphase power.
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With attenuations such as these, the levels of the diphase and the order-

wire can be set to optimize the repeater power, CCU design, etc. As a matter

of interest, the maximum allowablk orderwire power works out to be 3 kW.

2. 2. 3. 3 Digitization of the PARKHILL

An investigation of digitization of the PARKHILL was made. The alter-

native of providing a PARKHILL on a separate carrier similar to that of the

FDM approach was considered. However, the complex separation filters and

AGC amplifiers would still be required in the repeaters for this signal alone.

It was estimated that the PR would weigh 11 pounds ,ising this approach. If

the PARKHILL is digitized, the amplifiers and filters would be eliminated.

Thio bd'eb bo much circuit board space, and as a consequence, so much case

size, that the resultant repeater would save at least 2 pounds. (

Of course, the digitization circuitry would have to be provided in the

CDM. However, the CDM is estimated to meet its weight spec with enough

to spare for an additional circuit board. Furthermore, the volume and power

is also available. Therefore, digitization of the PARKHILL offers a very

attractive weight radeoff.

It introduces one risk, which will be dealt with. The PARKIHILL speci-

fication mentions no limit for quantization distortion. Quantization distortion

sounds like noise, but it is not noise, because it depends on signal level. It

is a form of non-harmonic distortion. The safest way to determine the effect

of this distortion on the PARKHI-L ,Iis by experiment. Since the PARKH-ILL

is not at present available for experimentation, a temporary solution is adopted.

[his is to plan for an A/D converter well in excess of vhat might be required.

There is enough bit rate in ti-e format for an allocation of 96 kb/s for the

PARKHILL. This can provide an 8 kc sampling rate and 12 bit encoding.

12 bit A/D encoders are available in military versions, and there is plenty

of room on a circuit board for a coder, decoder, smoothing filter, and all

necessary audio circuitry. (.
A 12 bit A/D conversion provides a step size 1/4096 times the peak to

peak signal. The rms quantization noise is then lower than o9. 2 dB below rnis

.ignai. Th! .s far more than could Lossibly be needed. Ihe breadboard
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system will be built with a 12-bit coder, and when the PARKHILL becomes

available, a tes':, will be made to see how many of these bits can be cut off.

It would appear likely that an 8-bit coder would be more than adeq' ste, and

an 8-bit coder is considerably cheaper than a 12.

After this investigation was completed, the PARKHILL requirement was

eliminated.

4' 2. 3 RLGM AND RMC ORDERWIRE

These units no- have a rcquirement for a maintenance orderwire. Since

they interconnect with the RLCMCD and diphase GM in the shelter, the latter units

must also have a compatible orderwire. The maintenance orderwire must be pas-

sive within these units and not depend on traffic or unit operation to work. Further-

more, the bandwidth of this maintenance orderwire is specified to be that of the

MIL-STD-188-100 voice channel, which is flat to within 4 dB up to 3000 Hz. An

additional 4 dB attenuation is allowed up to 3400 Hz.

The calculations in paragraph 2. 1. 3. 3 assumed that filtering could be pro-

%ided which eliminates interference between the traffic and the orderwire. How-

ever, this required wider band makes it impossible to provide the necessary iso-

lation. To provide the \\ider band, it is necessary to permit some degradation of

both the traffic and the orderwire. A workable design is possible if the following

degradations are permitted:

a. The manimn signal-to-noise objective of 20 dB in the orderwire

need be provided only down to 144 kb/s. Given the triangular shape of the low

frequency end of the diphase spectrum, this will give II dB S/N at 72 kb/s.

b. Speech on the maintenance orderwire will give occasional burst

errors which may cause refraining of the multiplexers. Since this is a maintenance

orderwire, the system normally operates witholit speech on the order\wire.

To provide this ban dwidth, all filtering in the ordei'wire is removed. The

interference from the orderwlre into the traffic is then controlled by the spectral

density of speech along \\ .th a 7200 Ilz high pass filter in the traffic receiver.
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This kind of control permits occasional speech bursts to affect the traffic, but it

will not occur too often to prevent maintenance personnel from servicing the units.

The interference from the traffic into the orderwire is then limited only by the

frequency response of the orderwire phone and the human ear. This is represented

by a C-message weighted meter.

If we use the approximations from paragraph 2. 1. 3. 3, the interference from

the orderwire to the traffic is:

P TOT I1 T3 00
2 x2+l 7 20 Z.5 dB Down

The interference from the traffic to the orderwire at 144 kb/s is:

P TOT TT2 (T3300 3)
ST - 3T00/ - 47 dB Down

The orderwire levels are rms and the traffic levels are peak. The bandwidth of

3300 Hz is that of the C-message weighting filter. To get a minimum S/N of 20 dB

in the orderwire with a traffic level of 3 volts (15.6 dBm), the minimum orderwire

level is -11.4 dBm. Assuming the orderwire to have Gaussian amplitude distri-

bution, the traffic S/N should be set to 23 dB for essentially error-free perfor-

mance. Given these equalizers, filters, and cable losses, the maximum order-

wire level is +15. 1 dBm. We choose +5 dBm as the optimum. This gives 10 dB

margin in each direction, at least on paper.

The next problem is how to mix the orderwire and traffic signal. Arplifica-

tion of the orderwire is not permitted. The overlap of the bandwidths is too much

for combining in a high pass/low pass filter set. The only option left is a resistive

pad. Since the order-wire level chosen is higher than the standard -4 d3m, we

would have to call upon the COU anyway. It has enough output capability to make

up the resistive pad losses. Using bridging resistors of 600 ohms at both transmit

and receive (able interfaces, the level into the unit from the COU calculates to be

;21. 3 dBm, and the output level into the COU calculates to be -21.9 d3m. Since

the amplifiers in the COU are already capable of driving two directions of a .40 mi

mile cable system simultaneously, this requirement is within the COU's capability.

A 4-\vire, full duplex interface at 00 ohms impedance level is added for this

application.
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The RLGM has one maintenance orderwire, and was designed to accept

a cable from the COU directly. The RMC has two maintenance orderwires, one
on the high group and one on the low group. They operate independently and

either will accept a COU. The GM has the possibility of six maintenance order-
wires and not enough connector space on the back for separate connectors.

Furthermore, the back of the unit is not easily accessible. Therefore, a com-
mon connector must be cabled to an orderwire facility such as an orderwire

control unit. The RLGMCD has enough room for tvo separate connectors,

but the connectors are also on the back, so orderwire access must still be

through the orderwire control unit.

Figure 2-20 shows the interface between the COU and any unit having

--------- raintenance orderwire.

2.4 INTEBUNIT TIMING

There are a number of general rules which cover timing signals between

DGM.%' units and other units in the system. There are also quite a few excep-

tions and special cases not covered by these rules. We will first state the

(general rules and then investigate the significant :ndnividual cases.

2.4.1 GROUP, SUPERGROUP, AND MASTERGROUPSIGNALL

These are all full duplex signals carrying data and related timing in

both directions. The data is balanced NRZ and the timing is a balanced square

wave having a frequency equal to the bit rate. They go in the same direction

betmeen units, as shown in Figure 4. 3.13 of MIL-STD-188-100. The positive

to negative timirng transition is centered on the data bits.

2.4.2 DIPHASE SIGNALS

These are full duplex signals with data and tin:-ng contained in the same

waveform. Conditioned diphase is used on the channel, group, supergroup, and

mastergroup lines. The channel signals are carr:ed balanced on WF- 16 field

wire, which may be extended inside shelters usirg RG-108. The group, super-

group, and mastergroup signals are carried unbalance! on CX-11230 cable.

2.4.3 STATION CLOCK SIGNALS

These are signals resembling the related timing signals in paragraph 2. 4. 1
above. However, they aie not related to a data signal. Some units accept a

station -lock as an option and use it to time the tra- snit output data. When used,

the arrangement is as shown in Figure 4. 1-10 of ,IL-STD-188-100, although
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the station clock is not supplied to the sink. The sink must use either the

related timing or a diphase data signal. In the DGM units, data comes into

the source to be retimed. Paragraph 4.3. 1.6.3 of MIL-STD-188-100 permits

the phase relationship of this data to vary by +i -1/2 bits due to delays in the

wiring. These variations are essentially static, and can be handled by auto-

phase circuits. The station clock negative to positive transit-ons command

data transitions. These data transitions are allowed to occur later by up to

12-1/2 percent of a bit.

2. 4.4 TELEMETRY CHANNEL SIGNALS

These signals are Z kb/s in most DGM units. The MGM is the exception,

having 16 and 32 kb/s rates. All telemetry signals supplied to the DGM units

are synchronous to the system clock, but there is no guaranteed phase relation-

ship. The phase delays depend on wiring, and are static, so autophase circuits

can solve this problem. Autophase circuits can be designed to work without

a related timing input. This solves the problem of receiving telemetry from

the KY-82 as mentioned in paragraph 3. 2. 1. 3. 3 of the TCCF spec. Therefore,

no timing input to the telemetry channel will be provided. A related timing

output will, however, be provided with the telemetry channel data output.

2.4.5 MODEM TIMING

The priniple timing mode of the GM, RLGMCD, and the CDM is to use

related timing for the tanqmit traffic. This timing is the onty one guarantee

to be present at all locations. Related timing is a sqtiare wave at the traffic rate

as mentioned in paragraph 2.4.1. The Diphase GM and CDM also have the capa-

bility of using timing recovered from the received cable signal.

This loop-back tiing capability does not seem to be needed by the system.

If the modems are at a node, the loop-back cannot be used because the incoming

and outgoing timing are slightly different. If the modemns are at a through traffic

point, such as a radio to cable bystem interface, the loop-back timing again cannot

be used because the radio s stein will ,ause the jitter in one direction to be different

from that in the other direction.
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Loop-back can only be used at the end of an extension facility, or at certain

TGM locations, where sufficient buffeling is available to take up the radio jitter.

At these facilities, the loop-back must be in thz multiplexer in rder for the K.
multiplexer to operate. If there is a TED present, the multiplexer loops back the

Rt D clock. A loop-back of the BLACK station clock must also be made, and this

is provided by the TED, using the BLACK station clock output of the modem.

Thus, the internal timing loop-back in the modem is never needed.

The bipolar modem cannot use station clock, because the TD-976 has a free-

running clock, and cannot be synchronized to a station clock. The dipulse modem

might use a station clock, but it is better off using related c]ock.

The system orderwire on the diphase GM requires a station clock. The

system orderwire receives signals from the VINSON buffer at 16 kb/s and the

telemetry source at 2 kb/s. The telemetry source might be an LKG, which supplies

no timing. Although the VINSON buffer in the CNCE supplies timing, tle system

orderwire must operate with either the 2 kb/s or the 16 kb/s alone as well as

together. Therefore, a timing input cannot be counted on. Deriving the timing (
from the traffic, which varies from 72 to 4608 kb/s, requires too much circuitry

for the GM. Therefore, a station clock, one per modem case, is required for the

diphase GM system orderwire. The station clock is at the transmit combined

orderwire rate of 32 kb/s.

2. 4. 6 MGM TIMING

The MGM is required to use station clock at the mastergroup rate, loop-

back timing, or a free running internal oscillator. Again there is a problem, with

the TCCF. If it cannot provide the c). 36 or 18. 72 MHz station clock, an alternate

frequency is necessary. A 32 kHz station clock has been suggested. In the final

version, the MGM is able to accept either a 16 or 32 kHz clock.

2.4.7 TGM TIMING

The TGM is required to use external station clocK, loop-back timing, or one C
of the group inputs. The external station clock is to be supplied at the supergrouDl

and group rates. However, it only needs station clock at the supergroup rate.
Group rate station clocks vill not be accepted. Related timing at the supergroup

a,&id group inputs will be available and are reouired. The group input to be used

for the supergroup :utput will be group one, since it alvays has the highest group

rate.
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2.5 TELEMETRY

As a result of a recommendation by the TCCF contractor, the 150 b s .al

telemetry has been removed from the DGM. Its function is replaced by a nu:er

of alarms and the use of the 2 kb/s telemetry channel in the RLGM, RMC, LC.

anc TGM. The new philosophy is as follows:

a. No 150 b/s telemetry.

b. The RLGM and RMC have a permanent internal loop-back of rl'e

2 kb s telemetry. The subchannel looped back is the one that the present spec:-

S:ca-ion designates for local telemetry. When the unit is in SA alarm, the tele:"etmy

subchannel is forced to "0".

C. The LNI/ LM and TGM have an optional, switch-controlled, loop-

back. In the "internal" switch position, the ala.7m state forces the looped sub-

clh-annel to 0". In the "external" switch position, the alarm state forces the 2 kb

da:a signal coming out of the demultiplexer at the connector to "0". In "external

tne transmit subchannel transmits whatever is put into its input connector. A

0'tll -up at this input will force the transmit subchannel to "I" if someone forgets

to connect anything. The subchannel on which all this occurvs is the one that they

:-esent specification designates for local telemetry. The shifting of other sub-

cha :nels in the TGM goes on as before. The alarm that controls the subchannel

,s 5A, not S.

d. The MGm, GM, RI,GNICD and CDM do not have loop-hack.

e. Some units have more than one alarm. The definitions of the

,4 Ia" is are:

'IS' - This is the alarim originally called for in the specification.

It -s sometimes referired to as the BITE summary alarm. It goes into the' alarmm

state .f anything is wronc,', e. g.. loss of frame, lo,,s of a channel, loss of power

suu Mv, loss of mte runit signals and failure, of the internal circuitry. ( Note that

includes input signals. I'elemetr\ and VINSON inputs are excepted. Channel

- s ' ao-tored onl when . it "s expected.I

IS, - 'hlis is an alarm that Indicates a loss of Incoming signal

o- "'e C;X-l 12 cable. Its neaning is that the fault is outside the shelter. ,t
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assumes :he normal state if power fails. It should be as little affected by failures

within the unt as possible.

SA'- This is an alarm that includes all the faults of S except

out of frame. Furthermore, it is inhibited by LS on those units which have an LS

alarm. It assumes the alarm state on loss of power, just like S. Note that A

includes loss of input signals on the equipment side interface, just like S, but

since SA "s :nhibited by LS, SA does not include input signals on the cable (CX-

11230) side, if there is a cable side.

- FS - This is an alarm that indicates that the MGM is out of

frame. The as-.umption is that most causes of out of frame are outside of the

shelter, ma::lv in the transmission. The assumption is at least partially true.

". The RLGM and RMC generate S and SA alarms with external con-

nections for both. See paragraph 2. 4h for definition of S and SA.

The GM, RLGMCD and CDM have S, SA, and LS. The definitions

above are ,.:. zhtforward for the CDM, but the otntr two units need some further

qualificatio n;. The GM and RLGMCD carry more than one group The unit case

has only one each S, LS, and SA. However, the inhibition of SA by LS shoula 'ue

done on an -::i.vidual group basis. Thit ib, if tht letters without subscript refer

to the unit an'-rms that come out of the box, and the letters with subcripts refer

to the alar:-.s sensed for an individuat group:

LS - LS I I LS 2 + ..

SA SA I SA 2 + ..

SA (internal faults + equipment side input faults po\\ er loss)LS

S SI $2 ....

in setting the input sensor point, there is another inportant issue.

The orderwre -ignal may interact. The maintenance orderwire is not a problem. (
if there .s - loss of traffic from the far end, and the sensor is right at the cible

input, I'S \%1 : be in the alarm state most of the time. Occasionally it will drop

into the nor: il state when ,onieone is talking, but most of the time the right

answer %%-.' 'e )resented. This assumes that no orderwire signaling scheme uses

2
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tone-on-while-idle signaling. However, the system orderwire on the GM is on

all the time. If we put this LS sensor right at the input, it will not respond to

loss of traffic alone. If we put the LS sensor after orderwire separation, it will

respond to an internal fault in the circuitry from the cable input to the separation

point. The circuitry involved includes an amplifier. It has been decided to put

the sensor at the input.

All three, S, SA, and LS provide external connection.

h. The LGM and TGM have S and SA. One difference between S and

SA -r these units is that loss of frame puts S in alarm and not SA. Further, the

channel BITE on the LGM, RLGM and RMC should not produce an SA alarm. The

Droblem here is that the channel BITE is only effective when the channel is active.ITherefore, a fault in a channel will produce an intermittent alarm, and it is in the

normal state most of the time. 'Ihe channel BITE should produce an S alarm.

S does not leave the shelter, and if an operator notices repeated alarms on S, he

can call for the switch to make a loop test, keeping the test pattern on each loop

lo,: enough for him to locate the faulty channel. However, SA goes into a remote

on.Duter. It may cause considerable confusion here to have an alarm entered

into the computer \\hich alarm ge-s away before any action can be taken. Both S

anc SA provide external connccti( i.

i. The NIGM has S, -)A and FS. The intentions are straightforward.

1h-c unly confusion is the interact. ,n between FS and the other alarms. Certainly

a loss cf mastergroup i-oput uuld c use an out of frame. However, the MGM

is designed so that loss of Supergroup input will suppres6 the FS Alarm. Some

circuitry failures in the framing cards would cause an out of frame. All three,

S, SA and FS provide external connection.

2.6 FRAMING COORDINATION

The framing procedure for the DGM matches that of the TTC-39. It is a

cooperative procedu-e, and the handshaking must be the same for all units that

interoperate. The individual units can have some latitude in implementation,

and indeed there are many details that differ between processor controlled and

hartx ired equipments. Hlowever, they must all use the procedure of Figure 2-21.
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In Figure 2-21, two units interoperate. In some cases, one unit would be

the 39 switch and the other a member of the DGM family. In others, both could

be members of the DGM family. One example of this is where an LGM connects

to the group side of the TGM. The LGM and the group circuit of the TGM inter-

operate in this fashion. The supergroup of the TGM interoperates with the switch

or TCCF independently of the group framing.

In the DGM family, only the LGM and the Group and Supergroup sides of

the TGM use the TED option.

2. 7 EQUIPMENT SIDE INTERFACES

After a number of interchanges between the various contractors and

government agencies involved, an equipment side interface has been agreed

upon. The termination is dictated by the TED driver.

In order to be compatible with the TED, the termination of the balanced

signal interface must be 100 ohms center tapped to ground. Other signals may

have a grounded or ungrounded center tap.

The revised balanced signal interface characteristics are:

a. Driver Output. Line-to-line voltage minimum as measured into

100 ohms shall be +100 mV for a digital "1', -100 mV for a digital

'0' . Polarity shall be measured on the pin with the later letter in

the alphabet. The pin with the earLer letter in the alphabet shall

be used as the reference. The differential voltage levels in this

paragraph shall be valid for operation of the driver into a load whose

center-tap is either grounded or ungrounded. The maximum voltage

measured from either line to ground shall not exceed +3 volts.

b. Line-to-line voltage maximum measured directly into a 100 ohms

termination shall be t4 volts.

c. Rise and Fall Times. For rise and fall times measured in a 100 ohm

resistive dunmy load at the driver output terminals, see Figure 2-22

and Table 2-1.
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d. Clock/Data Phasing. When data and clock are related, this is referred

to as STD INT in the connector tables. See Figure 2-22. Another type

of phasing, referred to as STD EXT in the connector tables, relates

station clock into the data output of the unit. In this case, the nega-

tive to positive transition of the clock shall be followed by the data

transition within +Z50 of the data unit interval. Polarity shall be as

described in a.

e. Driver Offset. The magnitude of the generator offset voltage,

measured hetween the center point of the test load and generator

circuit ground shall not be greater than 3 volts.

Signal Balance. When the binary state changes, the polarity of V
-t

(see Figure 2-22) shall be reversed (Vt). The magnitude of the

difference in the magnitudes of Vt and V't shall be less than 10% of

V t.

Ringing. When 100 ft of RG-108 A/U cable terminated in a 78 ohm

dummy load is connected to the driver output, the waveform at the

line output shall not overshoot its final value by more than 15%.

Undershoot shall not reduce the signal to less than 87 miV.

n. Slew Rate. When 100 feet of RG-108 A/U cable terminated in a 78
ohm dummy load is connected to the driver output, the transition

betwveen 440 mV (either direction) shall take no more than 10 ns for

group data and timing signals and station clocks, and 100 ns for

digital orderwire data and timing signals at 2, 16, and 32 kb/s.

Receiver Sensitivity. The receiver shall deliver the proper digital

output when a line-to-line voltage of 450 mV for a digital '1 ' or

-50 mV for a digital "0" is applied at the receiver input terminals.

Input Load Impedance. 100 ohms -10% line-to-line. Group rate

data, clock, and timing inputs shall be center tapped to ground; all

others may float.

2-50
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TABLE 2-1

SIGNAL CHARACTERISTICS

Clock Width
Maximum Delays Ns, Rise or Fall Times, Tolerance

1'Bit Rate Maximum Ns Maximum Ns Maximum

32 kb/s +1500 3000 +1500
576 kb/s + 240 300 + 120

.0 ,Mb / s +29 30 + 15

18. 72 Mb/s + 88 + 4

-Tpi Tp

4Tr Tf

T Nonminal Data Bit Timne 1 /Bit Rated
r Clock Pulse WVidth T d/2, ioinzal. Toleranice per Table 2- 1

T Looic I Delay Per- Table 2-1

Sogic 0 Delay Pe r Table Z -I

_r 'Rise Timne 10 -90"' Per l'able 2-1

T '-i Tinae 10 90" Per 1'ablo 2-1

Figure 2-22. Balaniced Signal Waveshapes
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k. Protection. The driver and receiver shall withstand without damage

eit*,er:

Short, any line to ground

Short, line to line

Misconnection, to another line carrying a signal covered by
paragraph a.

2.7.1 SLEW TIME

The TED interface document, TT-A3-9008-0024 requires that the slew

time be limited to prevent the balanced line receivers trom oscillating. The

requirement is that the signal should get through the region from -40 mV to

4 40 mV (eithe; direction) in less than 10 ns. Some of the DGM equipments

did not meet this requirement because of filter pins put on the units to meet

TEMPEST and EMI requirements. One unit, the LGM, did not meet in

because of the line driver used (AMD Z.616) which has a controlled slew rate.

Experiments with the TED were made to find out if the spec requirement

was really necessary. At the maximum LGM rate of 576 kb/s, the tolerance

of the TED was reached with a 280 ns slew time. This long a slew time means

that a single data 1 or 0 barely crosses the triggering point of the line receiver,

so that actually the TED only malfunctioned when the amplitude was inadequate.

At the TGM maximum rate of 4608, the maximum slew time was 20 ns. Again,

the amplitude is affected by such a long slew time.

It would appear that the 10 ns reuirement is unrealistic. That there is

a slew time problem somewhere can be demonstrated by the fact that the TED

line receivers oscillate under both open circuit and short circuit conditions.

NSA later confirmed that the 10 ns requirement can be relaxed.

However, Raytheon and the government have not relaxed this require-

rnent. This is because the slew time affects diphase asymmetry as discussed

in par 2.8. The slew specification remains at 10 ns for all signals that could

drive the GM traffic port, where the asymmetry problem originates.

The 55107 line reccivers used in the DGM program also have a slew time

problem. Experiments have shown that the slew tolerance varies from about

1 50 ns to -400 ns depending on hov Imuch extraneous noise is present on the

line. Therefore, the Raytheon ICD, 910669, calls for the digital signals at

rates of 32 kb/s and below to have slew times of less than 100 ns.
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2.8 103 MODEM

The 103 Modem is the functional equivalent of the present Group Modem,

but it is designed to pass group traffic over the AN/GRC-103 radio instead of

CX-11Z30 cable. In addition to the group traffic, the 103 Modem provides a

Digital Voice Orderwire (DVOW), a Data Orde: vire (DOW), and, in cooperation

with the radio, an Analog Voice Orderwire (AVOW). All orderwires and the

group traffic are usable simultaneously.

The 103 Modem is a baseband modem only. The rf modulation and demod-

ulation are performed by the radio. The 103 Modem sends NRZ data at two ratLs

to the radio and receives from the radio a video signal. The video signal is a

filtered version of the NRZ data with added noise and AVOW. In the case of the

higher rate, 1280 kbis, the video signal is a biternary wave. In the case of the

lower rate, the video signal is a binary wave.

The modeni regenerates the digital portion of the video signal, separates

the AVOW, and sends the recovered AVOW signal back to the radio.

2.8. 1 REQUIREMENT DOCUMENTS

The requirements for the 103 Modem are set down in TT-BI-2202-0013A

W/SCN 11 as modified by ECP PM-007C1.

2.8 2 CONFIGURATIONS

The configurations of the 103 Modern and the shelters in which it is used-

are primarily determined by the requirement for encrypted frame. The

103 Modem can be used v, ithout encrypted frame, and this simpler configuration

is derived from the encrypted one by putting bypass cables in place of the TED

connections. At the equipment side, group data and related timing are exchanged

with the adjacent unit, no matter what unit that is. No other timing signals are

us ed.
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2. 8. 2. 1 Shelter Configurations

The 103 Modem can be used in multiplex shelters such as the AN/TRC-173,

and radio repeater shelters such as the AN/TRC-174. The multiplex shelter is

the end of the line at least for the group to be considered. Entry to the mux

shelter on this group side can be either on cable, thus becoming a cable terminal,

or on radio, thus becoming a iadio terminal. The repeater shelter can operate

as a radio-to-radio repeater or a cable-to -radio repeater. It might be used as a

cable-to-cable repeater, but none of the timing or crypto aspects of the 103

Modem are influenced by this case.

Figure 2-23 shows the significant cases. Both radio and cable terminals

are shown because the cable terminal crypto arrangement must be con-

sidered in the 103 Modem system design, even though the 103 Modem is not used

there. The radio-to-cable repeater is shown both forward and backwari, because

it is asymmetric.

The top line of 2-23 shows the CNCE and a cable-to-radio repeater where

the cable side faces the node. If there is a SRWBR link present at the node, this

has no effect on the timing or crypto arrangements (at least on the group). The

group leaves the first line on radio and could jump to any of the other three lines.

The second line is the radio-to-radio repeater. This is designed to be

completely symmetrical (at least for the group). The radio path out of the second

line could jump to either of the next two lines.

The third line shows a radio terminal. The group con.sidered stops here.

If there is an application for encrypted subgroups beyond this point, that is a

story for another day.

The fourth line shows a radio-to-cable repeater and a cable terminal.

This kind of repeater is asymmetric, but the timing and crypto arrangements

will be designed so that the repeater is reversable without any internal change

to the group signals and timing. It can be seen that the cable-to-radio repeatr

on th. f-rst line is the niirror image of the radio-to-cable repeater on the 'ourth line.

The arrangements of Figure 2-23 were made to provide not only the re-

quired encr pted frame, but also these important features:

2-54



N 000

20 a 0

N

0 Wi

a. ~ 0

0 z

0-,-

Un 0

m u we

-4

u0 00

ca W mE
x W-~

cax WEJ() u x
u z -i

u) >. U) <

cow0 (D000

x WO

o ID
-N X x

-m 02 um M

U r.

d a: a E)W WE
000p~

W0 0) 0

-- a)I

2-55



RAYTHEON COMPANY RAY
E O U I P M F N T l 1 V I S I O N

a. The group equipment side interface of the 103 Mode'n is BLACK.

As a result, no plain text appears on any CX-1 1230 cable.

b. Maximum isolation between BLACK Station Clocks (BSC) and

RED signals is provided.

The principle consequence of all this is that the group is doubly encrypted

on the radio and singly encrypted on the cable. We have tried to eliminate the

double encryption, but that required a special unit between the 103 Modem and the
cable modem to resynchronize the TED required at that point. A TGM in the

single group mode might be used for this special unit. The addition of the TGM

was rejected in favor of the double encryption.

2. 8. 2. 2 BSC Arrangements

To understand the BSC and crypto arrangements, the multiplex and modem

proper, both parts of the 103 Modem, are shown separately. In the top line, the

repeater faces the node on the cable side (see Figure 2-23). Timing comes in

through the GM at the group rate. In order to provide maximum timing purity,

the BSC for the TED must be derived from this in a timing multiplier in the (
BLACK part of the 103 mux section. The multiplier must take the various timing

rates (128 to 1152 kHz) and multiply them up to 640 or 1280 k1lz, because this

TED works at the radio rate.

On thc second line of Figure 2-23, the radio-to-radio repeater is shown.

Here the BSC for the TED's is also derived by the multipler. A separate BSC

fo: radio repeaters was found to be unnecessary.

At the radio teri-inal on line three of Figure 2-23. there are two crypto

units. The left hand one protects the 103 Modern frame. It gets its BSC from

the modern section. This results in a timing loop-back on the BLACK side of

this crypto. The other crypto protec-s the TGM or LGM frame. It gets BSC

frorr the B3LACK part of the 103 mux section. This BSC is at the group rate.

The repeater arrangement on line four of Figure 2-23 is the mirror image

of the arrangement on line one. The cable terninal arrangernent is the same as

that already used for the GM.
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2. 8. 2. 3 Crypto Sync Arrangements

The first level of encryption involves the cryptos at the CNCE and at the

terminal. Thus TED 1 works with TED 6 or TED 8. TED 6 or TED 8 receives

resynch commands from either the TGM or the LGM, as applicable.

The second level of encryption is on a radio link by radio link basis. Thus

FED 2 works with TED 3 or TED 7, etc. These cryptos receive resync com-

mands from the mux section of the 103 Modem.

2.8.2.4 DVOW and DOW

The DVOW is a 16 kb/s channel synchronous to the group data. It uses the

VINSON as an end instrument, a self-synchronous device. A buffer is provided

in another unit, the OCU, which provides synchronization. The 103 Modem pro-

vides 16 kb/s receive data to the OCU with related 16 kHz timing. The OCU

needs this timing signal to operate its signaling detectors. The VINSON does not

accept a timing input, The 103 Modem accepts 16 kb/s transmit data without

timing. It has an autophse circuit at its input because there is no known phase

relationship between the VINSON buffer output and the group data. The VINSON

buffer needs timing synchronized to the group data in order to do its synchroniz-

ing, so the transmit part of the 103 Modem provides a 16 kHz timing to the OCU

for this purpose. Summing up, the 103 Modem puts out and accepts 16 kb data.

It puts out two 16 kHz timing signals, one related to the received 16 kb data, and

one synchronized to the transmit group data.

The DVOW signal into the 103 Modem goes through the TED, thereby be-

coming doubly encrypted on the radio links.

The DOW is a 2 kb/s channel synchronous to the group data. The OCU is

the source of this signal. The 103 Modem provides 2 kb/s receive data to the

OCU with related 2 kHz timing. The 103 Modem accepts 2 kb/s transmit data

witbout timing. The 103 Modem also provides 2 kHz transmit timing. This is

necessary because the 103 Modem might work without encrypted framing. If the

framing is not encrypted, the DOW nust be encrypted with a DLED. The DLED

needs transmit timing from the 103 Modem. if the DLED transmit timing comes

from the transnit section of the niodem, potential problems due to the difference

between transmit and receive frequencies are eliminated. In this c ise, DLED's
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will be present on the DOW. The DLED ti,-ning arrangement requires that timing

come from its BLACK side. This could be either transmit or receive timing from

the 103 Modem, but using transmit timing gives the DOW system better immunity

from other equipment failures. Summing up, the DOW interface is electrically

the same as the DVOW interface, transmit data in, receive data out, and both

transmit an4 receive timing outputs.

When the DOW goes through the TED, DELD's need not 2 used.

2.8. 3 ASSIGNMENT OF SIGNALS TO CONNECTORS

The radio side interfaces are simple. The digital signal is carried in

coax in both directions. It is planned to use separate BNC connectors. The

AVOW interface consists of one pair for recovered orderwire and one pair

for conitrol in each module. All four pairs will be in one multi-pin connector.

Fioure 2-24 shows a block diagram of the 103 Modem with these signal

lines identified as well as the equipment side signals.

In particular, Table 2-23 shows the allocation of signals to connectors.

,.8.4 ELECTRICAL INTERFACES

The Group data, timing, and BSC; DOW and DVOW data and timing; and

all signals going to the TFED are balanced signals with 100 ohm terminations.

They conform to ICD 910669, paragraph 1. 1.

Figurc 2-25 shows a simplified diagram of the C-RC-103 radio interfaces.
-1 he video input impedance is (1 ohms. The 103 Modem delivers a fixed level

of 2V p-p to the radio. The radio is specified to give the required deviation

with any input from I to IV p-p. The radio has two Outputs, either one of which

kould be tased. We have used the video one, which will give IV p-p into 91 ohms

for a deviation of 300 kiIz. The modem operates over a range from 1/2 to

2V p-p. This range can be accommodated without a pot.
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The radio orderwire input from the modem expects a nominal -4 dBm into

600 ohms. The rac.io termination is unbalanced. We feel that an unbalanced

line is risky, a balanced interface is presented which can be grounded at the

radio end. Therefore, at least some noise rejection is achieved. We thus

have a fixed gain in the moiem.

Alarm interfaces are contact closures, with closure representing the

alarm state.

The frame squelch is in accordanc, with ICD 910669, paragraph 1.9.

The TED control is the Resvnc Command line per TT-A3-9008-0024,

using t'ie balanced option. Rcsync achieved is not required.

(

(
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Table 2.8-1. 103 Modem Connectors

Ji. Equipment Side Group 1

Signals: Recommended Cable: Minimum Number of Pins:

Xmt Data 5 Shielded Twisted Pair 15
Xmt Tim
Rcv Data
Rcv Tim
BSC

J2. Equipment Side Group 2

Identical to Jl

J3. DVOW I and 2

Signals (2 each): Recommended Cable: Minimum Number of Pins:

Xmt Data 8 Pairs, Overall Shield 17
Xmt Tim
Rcv Data
Rcv Tim

J4. DOW I and 2

Identical lo J3

J5. TED RED l and 2

Signals (2 each): Re,;ommended Cable: Minimum Number of Pins:

TPT 8 Shielhed Twisted Pair 24
RSC
RPT
RPTC
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Table 2. 8-1. 103 Modem Connectors (Continued)

J TED BLACK l and Z Q
Signals (2 each): Recommended Cable: Minimum Number of Pins:

TCT 10 Shielded Twi ted Pair 30
BSC
RCT
RCTC
Resync Command

37. AVOW 1 and 2

Signals (Z each): Recommended Cable: Minimum Number of Pins:

Recovered OW 4 Pairs, Overall Shield 9
OW Control

J8. Alarms and Squelch

Signals. Recommenced Cable: Minimum Number of Pins:

S 5 Pairs, Overall Shield 11
SA
RS
Squelch 1
Squelch2 (

J9. To Radio 1

J10. To Radio "
All BNC's with 91 ohm cable

J11. From RrK'" i

J12. From Radio 2

J13. Power

J 14. To Radio 1 EUROCOM BNC's with 91 ohm cable

J15. To Radio 2 EUROCOM

J16. Timing Group 1 (1
BSC 1 2 Z Shielded Twisted Pair 6

BSC In J
J17. Timing Group 2

L Identical to 116

2-62

-im • m•m•w m wmrm. pm w w w~mww , . , m



0
wi

CL

0 -

> I zI

Q I

00 > I L2 00 dii
-i Y.(

z w 14C
> 0< ze~.* 0o

I~ uII~
w~ V oo

- 0 0

0 "1

0 -)C4 L
z 0 2-63



RAYTHEON COMPANY YHOi E 0 U I P M E N T 0 1 V I S I O N

2 .SVIDEO SIGNAL CHARACTERISTICS

The GRC-103 radio was designed to handle 1152 kb/s on a biternary basis (

and 576 kb/s on a binary basis. In order to get the DVOW and DOW over the

radio, we are going to use TDM. This increases the bit rates to 1280 and 640,

respectively.

Therefore, we may widen the baseta id by 11 percent. This can be done

either in the modem transmit section (pre-equalization) or the modem receive

(post-equalization) section. Pre-equalization will give the best radio range, but

it spreads the spectrum slightly. Post-equalization will reduce the radio range.

Since this is an FM radio, its output noise spectrum is triangular, Therefore, if

we change the receiver baseband width only, the variation of noise power with

bandwidth is 30 dB per decade. An 11 percent increase in bandwidth translates

into a 1.4 dB increase in noise.

Figure 2-26 shows the measured error rate performance of the old TD-202,

taken under laboratory conditions. This eliminates temperature and radio output

level variations. It is proposed to put the 103 Modem specification points as (
indicated in Figure 2-26. This will allow for post-equalization, temperature

variations, and permit elimination of a modem input pot.

2.8.6 BEHAVIOUR DURING DEGRADED CONDITIONS

2. 8. 6. 1 Fades

For lades of 30 msec or less, the modem receive irlug a-id demux frame

will maintain BCI. The 30 msec time is interpreted to mean a time during which

the modem receiver is without any input information whatever. This means that

in a true fading condition, BCI will be maintained over much longer fades. This

is because there is usually a large signal range between the median received

signal level and the signal level at which the timing recovery loses lock. The

true outage time tolerance depends on the fade rate.

As the signal fades, the modem may take several actions, depending on

length of fade:

a. It generates a frame squelch. This is useful only if the multi-

plexer is in the same shelter, i. e. , at a radio terminal.
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Figure 2-26 TD-20Z Measured BER Performance

b. It operates the RS alarm sensor. The alarm itself will wait

about one second.

c. It initiates the receive ordcrwire circuit to the radio. The

modem orderwire separator makes the S/N in the orderwire worse instead of

better if the error rate is very high. The actual transfer is displayed 30 ins.

If the fade is long enough so that the modem niux loses frame,

further action will take place:

d. The group, DVOW, and DOW data outputs go to all l's. It is

necessary to do this for the DVOW because the OCU and CNCE have digital

bridges which are siezed by activity. If a faded DVOW channel were connected

to the bridge, it would sieze the bridge and lock out any good channels. Treating

the group and DOW data signals is not necessary, but we will plan to put the

feature in just in case. The related timing signals will be ieft running. The

2 kHz DOW tining is not usable during search. The 16 kHz DVOW timing is

usable, as it may be used by other units such as the OCU.
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4 e. For very long fades, the received timing signals will reach

their free-running stability. This should be no more than 15 ppm off nominal.

This will permit degraded DVOW and DOW operation from an OCU utilizing

the 16 KHz timing signal.

2.8.6.2 Equipment Failure

If the equipment that fails is the remote radio, the failure will appear to

the modem as a long fade. BCI will of course be lost, and actions a. through e.

will be taken. There will be plenty of time for the RS alarm to operate. If the

remote radio loses its modulation for any reason, the reaction of the modem is

the same. The modem looks for the digital signal in the radio output. A radio

receiver with no carrier puts out a large noise signal, but the moderm rejects

this just like it would a quiit circuit.

When there is no digital signal into the modem from the radio receiver, a

number of BITE sensors inside the modem will indicate failure. The RS alarm

will then go on. SA alarm on the same modem module however, will be sup-

pressed. However, if RS is generated by one modern module while there is a

real internal failure in the other modem module, the SA alarm will be generated. (
There is a frame sensor on the modem demux. The question is: What

alarms should be generated if there is a digital signal incoming (no RS alarm)

but the demux is out of frame" Other DGM multiplexers will not give SA alarm

on the grounds that most out of frame conditions are due to transmission failures.

Given that there is no RS alarm, most transmission failures are discounted. An

out of frame condition could be due either to a do-mux fault or the remote modem's

mux fault. Since the demux frame circuit is more complex, the probability is

higher that the demux is at fault, but not a great deal higher. We will include out

of frame in the SA alarm.

If the equ.pment that fails is in the path driving the modem's equipment

side group input, the modem takes actions which depend on whether the timing

signal fails along with the data. The timing signal that matters is the one that

runs the transmitter, and this is different in different configurations. It could

be the related timing or loop timing. (Ftilire in loop timing is a failure

internal to the modem.

(
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If the modem is using loop timing, and it does not fa.l, the modem

will accept any signal still present. That is, failures in the digital orderwires

and the group traffic are independent. The orderwires only need data in, while

the group needs data and timing.

If the modem is using related timing, the failures are independent among

the digital orderwires and group traffic only if the related timing does not fail.

No matter which of the two timing sources is used, if the timing fdils,

there is a failure or degradation of more than one signal. In addition, if the

BSC's have no termination or cable connected, the operation of the modem shall

not be adversely affected. There is a PLO in the transmitter which will take over

. f the modem. Its stability is about 415 ppm, not enough to carry group

traffic, but enough for the digital orderwires with some degradation. The DOW

may loose BCI every 33 seconds depending on the OCU configuration. This is

enough to get the telemetry data through, as that repeats every 1. 3 seconds. The

DVOW will loose BCI every 4. 2 seconds. TiJs will give very poor transmission.

Howeer, if the OCU uses the 16 kHz timing f_'om the modem transmit section,

BCI will be maintained -is far as the rest of the system tracks this degraded timing.

This would usually be as far as the top of the hill at the node, and will always be

at least as far as the next shelter.

2. 8. . 3 Outage Sensing

If the actions of paragraph 2. 8. 6 are to be taken, st-nsors roust decide when

the signa1 is poor enough to take action. An activity detector on the video input

is aeless, because a faded FM receiver gives a large noise output. Character-

istics of the video signal itself must be sensed, and there are two candidates:

tirrnig and framing.

Timing is sensed by a narrow filter at the output of the zero crossing

detector. The ainpLtude of the output is nearly constant for all useful S/N ratios,

but fails below a S/N of 12 dB. This kind of sensor is not very precise, because

tlhere is amplitude modulation of the filter output clue to data activity. However,

it gives sensing at the earliest reliable point in the modem receiver.

rhe deimux frame circuit is simpler in th t iio ;t Uf th'e ( ircuitry is required

a-)-vay. Its drawback is that it senses well back in the modem receiver, even

behi:nd the TED. However, it is a good seihsor for the frame inhibit signal and

the DVOW and DOW squelch. Certainly, if the modern lenmx is out of frame,
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the group and digital orderwires are useless. Furthermore, the demux will4l

sense the outage faster than the LGM or TGM, so the inhibit will catch them. .

The inhibit signal will not wait 30 ms like the frame search does.

If there are no failures within the modem or the TED, the demux frame is

the best place to tie the RS alarm and the orderwire control because the indica-

tion if more reliable. However, these failures are important, and we will

use the timing sensor for the alarm and control. This means that on slow

fades we will be uncertain about the operating point of the alarms and will

get a bounce condition.

The bounce condition causes no system trouble. What happens is that

the sensor output will flicker on and off. It cannot be reported to the OCU

unless the flickering persists for at least 1 second, and if it does persist, it is

proper to report the alarm. The 1 second delay is provided by the BITE

card.

t
i

C
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2.8.7 FRAME
Figure 2-27 shows the frame formats. They have been chosen to

give the simplest relationships between blocks and frames and between dif-

ferent rates and minimum buffers size. For the biternary signals, the

frame code is three adjacent bits, alternating between 111 and 000. The

frame rate is 16, 000 per second, giving 80 bits per frame. The DVOW bit,

marked V, follows the data block after the 111, and the DOW bit, marked T,
follo\\s the data block after the 000. The group data is carried in 18 bit

blocks. With 1024 Kb traffic, two bits of these blocks are filled with dummy-

b*""t ', J ftcr the 1I1 frame and 10 after the 000 frame.

The binary cases use a single bit frame code altering between 1

and 0. The traffic is carried in 9 bit blocks which, in the 512 Kb case is

Sfilled %\ith a dunniy bit, 0 in every block. The frame rate is again 16, 000

per second with 40 bits per frame. Modulation of the group data within the

blo( ks is tused so that the pet orrnance of the radio and the regenerator will

be rust as good with ntiencrypted groups as the encrypted ones. Table 2-24

Sho\\ s thi- modulation as well as the multiple sampling pattern used for

288 Kb and less. The 288 Kb case takes two blocks to repeat because there

are nine bits in a block.
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Table 2. 8-2. Group Data Modulation

Bit Rate, Group Bits
kb/s in Block Modulation

1152 18 D D2 D 3 D4 ... DI7 DI8

1024 16 D1 DD 3  . . . Dis D6

576 9 D1 D2 D3 D4 ' D8 D9

512 8 D 1 D2 D 3 D 4 .  D 7 D 8

288 9 DD - ... D 2 "D2 D DD 6 D D... D-- DD

256 8 D1 D D 2 D ? . . . D1224 4

128 8 D 1  D1 D 1  D 2 D2 D 2 D2

The DOW bit is also modulated. The modulation is the same as used in the

GM: The data is EXCLUSIVE OR'd with a 16 kHz square wave which is set low at

the DOW bit transition time.

These frame formats are immune to false loc. if the group is all l's or all

O's and the digital orderwire channels are idle or active. Furthermore, the frame

tformat is immune to unencrypted traffic. No known multiplexers o. end instru-

ments put out a 1010 pattern on a permanent basis.

2. 8. 7. 1 Framing Lock-In Calculations

First we must determine the number frame bit verification tests that will

keep the false lock probability well below 10 percent of the trials. The I bit

frame code used in binary is the worst case. There are 20 bits between frame

bits. If we count the first time we look at a bit in the number of tests, the proba-

bility of false lock per bit is:

2-tN4 - 1)

becaase the alternating pattern forces us to accept either a ! or a 0 on the first

look. The advantage of doing this is that we ouly have to bearch a half-frame.

l'e probability per half-fratme is the i:

Setting this equal to (, wr tnt. we get iM '). ,, so e c take NI 11.
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To estimate the frame-in time, we assume that the frame search starts

at the worst bit and calkulate the average search time to the next frame bit. This

simplified procedure gives a number accurate enough to guarantee that a series V

of measurements will better the number at least 90 percent of the time.

Each cf the false bits must be rejected. The rejection alone cakes one half-

frame. Testing takes more time. The probability of a bit passing the test the

first time is 1.0, because we accept it, whatever it is. The probability of a

random bit passing any subsequent test is 1/2. The probability of passing K or

more tests is 2 (K 1). The probability of passing K tests and then failing is:

PtK) - P(K + 1) -- 2 -(K -1) _ 2 -K = 2-K

In order to get the average number of half-frames taken per bit we sum tile

probabt1ity of taking K tests multiplied by tile time necessary to do K tests over (

the values of F. The time necessary to do K tests and th,-n fail is K half-frames,

because x' e bet tU take one test each half frame.

The average number of half-fra-mes taKen per bit is:

12K

This f:!ure will now be' used to calculate the lock-in time, where it appears

in the testing data bits" term.

The lock in time, in half-f.amnes, for a distance between frame bits of N bits

is then:

I treJecting) + 2N (testing data bits) I (M - 1) (tes.ting the frame bit) 7 M - ZN

With N = 20 and M - 11, lock-in takes 51 half-frames. There are 32,000 half-

frames per second, so this is 1. 0 ins. We have increased the number of tests

to IM 17, aiinL 1. 79 ins.

For the biternary case (Figure 2-28), the bit trame code speeds things

Lip. If \\e calcllate Z.galn the number of tests to kee p fa e lo k below 2 percent,

\\e tet M% - 4.
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Again, rejecting bits takes a half-frame, 40 bits here. We cxamine the

data three bits at a time, but search one bit at a time. The probability of any
3

random bit simulating either 1l or 000 on the first test is then 2/(2) , as we

must accept either. On subsequent tests, the probability of passing is 1/(2) 3

The probability of passing K or more tests is 2 /( 2 )3K . The probability of passing

K tests and then failing is:

2 Z 7

3K 23K+l -4 2 3K

The average number of half-frames per bit is:

M
E 7 K ozo7 K 2

48K K 7
1 18

The lock in time, in half-frames, is then:

1 + 2N/7 + (M - 1)

With N = 40 andM = 11, this is 22.4 half-frames or 0.7 ms. We have increased

the number of tests to M = 17, thus getting 0.82 ms.

2.8.7.2 Framing Maintenance Calculations

The exact calculation of frame maintenance performance is a very difficult

random-walk problem. However, it is so easy to give very good performance, a

gross approximation will serve. Let us set the drop-out criterion to M frame

bits in error in some short time, say 2M or 3M half-frames. This time has

little effect in this approximation. Then the drop-out probability for binary per

half-frame is (P e)M. We calculate the mean time to drop-out in hours, H:

14 1
3600 x 32, 000 (P e)M
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For M 11 and P = 10 - 3 , we get 8.68 x 1024 hours. Frame drop-out will occure
with 5 wrong bits out of 16.

For biternary (Figure 2-29), we assume that any one of the three bits in

error counts as a defective code. Then the estimated mean time between drop-

outs is:

M 1

(3P e) x 3600 x 32,000

which dives 4.9 x 1019 hours for M = 11 and P = 10 - 3 . Frame drop-out will

occur xith 6 wrong codes out of 16.

2.8.7.3 Bit Acquisition Calculations

In meeting the bit and frame acquisition time specifications, the bit acquisi-

tion is expected to take longer than frame-in. The PLO that acquires bit timing

is subject to several conflicting requirements: i must maintain timing over a

30 ms o.tage, It must have a free runntng stability of 15 ppm, and accept the

MGM iiter which can swing +47 ppm.

Let us estimate the maximum bit acquisition time by setting the loop as

narrow as we can. The pull in range should be at least 15 ppm plus 47 ppm, or

62 ppm. .t 640 kHz, this is:

= 62 x 10 - 6 x 2rT x 640 x 103 249 rad/sec, minimum

The natural frequency of the loop is:

2W
n = - 159 rad/sec

2- 5



-RAYTHEONCOMPANY ATEN
E 0U P M E N T L)I v IS 1 I

ACCEPT DATA

BIT AS

FRAME

INCREMENT

FRAME

COUNTER

CLEAR FRAME TEST DATA

LCOUNTER , SKIBT_/_FAM
TO NEXTBI1/FRM
DATA BIT PERIOD LATER

y
_______COMPLIMENT OF

AMPLE

INCREMENT
FRAME

C
DFCLARE

FRAME LOCK

Figure 2-29 AIN/GRC- 103 Modem Framing Flo" Chart,
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The acquisition time is approximately:

(w 2
T

26 Wn

where

Aw is the frequency error before acquisition a,' .s equal to the mini-

mum lock-in range. 6 is the damping factor. If the desigti, lock-in range is

equal to the minimum:

T 6I
T = 

n

Using

6 = 1, we get

T = 3.12 ms.

If these assumptions hold up, the bit and frame acqilill I,,, time would be

about 4. ms in the binary case. Biternary is faster.

2.8.7.4 Framing Loss Detection and Reacquisition Calcidme,,,

If BCI has been lost, but timing maintained, the drop,,,i, li,,e and BCI main-

tenance time must be added to the framing time. The dr'P'.ii I ,,e in 50 percent

-ri 's is again a random-walk problem, but let us assw,, ,.).t dfn extreme value

i,- twice the length of time over which errors are accurjIio.,., l[h"s was assumed

in the framing maintenance calculation at no more than Q/ . fr;irnes. This is

2. 1 ins. ihe maintenance time is at most 35 ms, thui r -Ind reframe are

estimated at 38. 7 ms. The spec has been changed t., "') r.
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Dropout time in biternary is the same, because we count any error in the 3 bit

code as a defective code. Dropout plus frame-in is faster, about 37. 8 ms.

Z. 8.7. 5 BCI Maintenance

The 103 Modem is required to maintain 3GI for signal losses up to 30 ms.

The multiplexer in the modem must be prevented from dropping out and coming

back. A delay of 31 to 35 rns will be provided.

Z.8.8 FRAME SQUELCK

The 103 Modem will provide a frame search inhibit signal in accordance

with the specification. However, in a TRI-TAC system, this feature is useless.

First consider a single hop bystem. One radio hop connects a radio ter-

minal to the node. If a fade affects the signal toward the node, the group mux in

either the CNCE or the switch will go out of frame because this mux has no access

to the frame squelch signal. The framing handshake routing will 2ause traffic in

both dire(tions to be interrupted. The frame squelch has accomplished nothing.

In many cases, a fade will affect both directions, either simultaneously or

within a very short time. Again the frame squelch accomplishes nothing.

The only time it works is when the fade affects the signal away from the

node only. The mux in the radio terminal is prevented from starting a resynch

and reframe cycle.

If there is more than one radio hop i, the system, the frame squelch hardly

ever helps. Any fades tnat affect the repeater station will cause the resync and

reframe cycle.

2.8.9 TED CONTROL

The modem mux must request the TED to resynchronize at the proper

times. When the mux is in frame and drops out, it must request a resync right

a , ay, within a few bits at most. In most cases, the system will be back on the

ai. after the first request. If there is an equipment failure soraewhere, it will
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be a long time before the system is back up. During this time repeated requests

must be originated.

To ensure that the second and subsequent requests do not put the system
into a continuous turmoil, these requests must be spaced by a minimum period.

We will take this to be the TED resync time plus the specified modem mux drop-
out and reframe time (this is longer thin the calculated time). The TED at
640 kb/s and a 40 mile hop will take at most 13.2 ms. The specified modem mux
time is 25 ms. The minimum spacing between resync requests is then 38. 2 ms.

The maximum is a fairly open figure. Restoral after equipment failure is a
matter of many minutes, so any spacing from 100 ms to 5 seconds or so will not

influence system performance.

-
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2. aASYMMETRY \

Informal interface tests were made between the DGM family and the

30 sv, itch. The interface poiht between the two is where a digital group signal Q
is exchanged on CX-11230 cable in conditioned diphase form. The Raytheon

Conditioned Diphase GM faces the Sylvania Conditioned Diphase GM.

It was found that the 39 GM was extremely intolerant of asymmetry in

the diphase waveform. Asymmetry is the misplacement of the zero crossing

in tne center of digital O's with respect to the ideal center. The tolerance is

worst at the highest rate, being only 4 percent of the NRZ bit interval at

4cCS mb/s. This figure becomes about 8 percent in tne 2 mb/s range, and

10 to 20 percent fron 1 mb/s down.

Most of this intolerance was discovered to be in a fault sensor which

was intended to alarm on excessive jitter. This sensor detects asymmetrr

as .tter. Another series of tests were run to determine how much asYmmetry

co.I-d be tolerated without this sensor. In the 39 Supergroup Modem the 4 mb/s

tolerance went up to 10 percent, and the 2 mb/s to greater than 12 percent.

TVe group modem was more tolerant than this, except at 1/4 mile distance. (
T.":ere, the fact that the slicer does not slice the signal at zero volts causes

furt:ner problems with asymmetry. One reading of 6 percent was encountered.

Experiments were made with the GM in the CNCE. The Martin GM was

mc-re tolerant, being generally no worse than 9 or 10 percent, and often better.

The Martin and Raytheon GM's generate asymmetry because they use the

related timing directly to form the diphase wave. 'Ihis is the simplest way,

a-d ases the least PCB area, but means that the sym,-etry of the diphase wave

can: be no better, and is generally worse, than the relatc-I clock.

The asymmetry generated in the DGM GM \as analyz,,! and was found to

conme from three sources. The first is the distortion of the sl, oaals caused by

dearvs and rise timrLes in the logic circuits within the modem. The second is

t,-e as vrnmetry all,-v, ed on the related timing coming ii co the modem. 'Ie (
-

4 :rn is the slew time, which is converted into asymmetry in tho ratio of 3:4.

T.e % "orst case figures are:
iodem i3.0 ns

Input timing asymmetry i 5. C ns
3/4 of the slew time 7. 5 ns

Total 35, 5 ns
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This is 16.4 percent of a bit at 4608 kb/s and 8. Z percent of a bit at

2304 kb/s. Actual modems run between 1/2 and 3/4 of the maximum.

A look at the three sources will show that any appreciable improvement

in the asymmetry would involve making the diphase asymmetry independent of

the related timing waveshape. This would require a great deal of PCB area.

The 39 GM solves this problem by providing 8X group rate clock to each

modem. This solution would not fit in the GM case.

A solution which will fit is being developed on a separate contract. Pre-

liminary results indicate that the asymmetry can be kept to less than 5% of a

bit over the range of equipment side clock distortion permitted by ICD 002.

2. 10 MGM JITTER INVESTIGATION

2. 10. 1 FREQUENCY JITTER VS PHASE JITTER

In general, both the phase jitter and the frequency jitter are of interest,

Some equipments are more sensitive to the phase peaks and others to the

frequency peaks. The equipments sensitive to the phase peaks are those with

very narrow timing bandwidths. These equipments do not track the frequency

peaks. Therefore, their phase stays at a nearly constant position waile the

input data varies in phase about that position. Examples of this are the TRC-

170 and the CDM. They dejitterizc the incoming signal.

The equipments sensitive to the frequency peaks are those with wider

timing bandwidths. These equipments try to track the incoming frequency

peaks. An example of this is the GM, It passes the incoming jitter through

to its output. It is very probable that the TRC-143 and 1RC-144 are more sen-

sitive to the frequency peaks.

There appears to be some equipments that are part way bet.veen and are

affected by both. The group modem in the RMC is a, %xample of this. It is

sensitive to frequen, y peaks, but the sensitivity is worse at the time when a

phase peak occurs.

. 10.2 MULTIHOP VS SINGLE HOP JITTER

In an actual system, jitter is eliminated by passing through the CRF in

a CNCE or the time division matrix in a switch. 'lherefort, any group cor"rg

out of a node normally has one hop of bit stuffing iter v., hen it reaches the top
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of the hill. Therefore, most of the TRI-'IAC system will experience the jitter

of one hop of bit stuffing. (

This jitter is quite different from subsequent hops because the master-

group clock and the group clocks come from the same source.

When a group which comes from one node (with one hop of jitter) arrives

locally at the top of the hill, a second hop of jitter is introduced in getting down

the hill. Therefore, at the bottom of the hill, the CNCE (or switch, if there is

no local CNCE) can normally expect to see two hops of jitter on incoming groups.

If there is a local CNCE and a switch together, the switch will not see any bit

stuffing Jitter.

Normally, this gruup, with the two hops of jitter, enters the CRF in the

CNGE. When it emerges, there is no jitter left. However, it is possible to

patch the incoming group from the MGM right back out the MGM. This group

arrives back at the top of the hill with three hops of bit stuffing jitter. The

frequency and phase jitter components vary differently as the number of hcps

increases.

Z. 10. 3 FREQUENCY JITTER

The maximum frequency deviation is measured from the nominal group

bit rate, not the average of the actual group put in, The maximum peak

frequency deviation i'. + 47 ppm from nominal. The rate of charge of frequency

is suCn that the rise time, measired at the 10 percent and 90 percent points,

of a change from one peak to the other is 30 usec. The maximum rate of

change of frequency is 3. 5 ppm per microsecond. This peak is achieved in

the first hop and does not increase in later hops.

2. 10.4 PHASE JITTER

The p-p phase jitter is measureable on a scope. Because the maxinum

Jitter occurs rather infrequently, a storage scope was used. Using

a sin--le MGM, measurements can be made of the jitter from one or t'wo hops.

To get the one hop jitter, the mastergroup clock is synchronized to the grou F

clock. To get two hop jitter, the mastergroup is free-running. The one hop

jitter _4 :resent, along with the second hop contribution, when the master-

group .1ock is free-running.
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Quantatively the jitter consists of at least three components:

a. A slowly occurring component with peak-to-peak value up to
J 2 bits for 2 hop jitter and up to 4 bits for 3 hop jitter.

b. A more rapidly occurring component which is roughly one-

half the total peak-to-peak value. For example, at the 4915. Z

kbps rate this component was estimated at 0.9 bits by ti king

a 10 second time exposure photo which visually resolved these

tAvo components.

c. A very rapidly occurring component with a peak-to-peak

amplitude of one quarter bit or less. This is the synchronous

jitter component due to the predominent occurrence of alter-

nate stuffs and spills. It is isolated by slaving the multiplexer

clock to the group rate clock.

The phase deviation given in Table 2-2 are those for the worst case; which

is the low mastergroup for group rates up to 2304 kb/s., The 4096, 4608, and
4915.2 kb/s rates can only use the high mastergroup, and that is the figure

given for those rates.

TABLE 2-2. PEAK-TO-PEAK JITTER, IN BITS

Group Rate, kb/s I Hop 2Ho 3 Hops
72 Less 1.0 2.5

128 than' 1.0 2.5

144 0. 06 1.0 2.5

256 I 1.0 2.5
288 1. 1 2.5

512 0. 06 1.3 2.6

576 0.07 1.4 2.7
1024 0. 11 1.5 3.0

1152 0.12 1.6 3.1

V 1536 0.16 1.9 3.4

2048 0.20 2.2 3.7

2304 0.24 2.3 4.0

4096 0.20 2.2 3.8

4608 0.24 2.3 4.0

4915.2 0.26 2.4 4.2

2-83



RAYTHEON COMPANY R
E ou IP t.A EN T 0 ! V I S IO N

2. 10. 5 JITTER WA'JEFORM

Figure 2-30 shows a jitter waveform, both frequency and phase. In the

case shown, the actual input group rate is close to the nominal rate. Most

of the time, the frequency moves rapidly between the two li:mits. The resul-

tant phase change is then a small triangular wbve. Occasionally, the frequency

stays at one peak for a longer time, thus giving a bigger phase change. In a

one hoc syrstem all groups are synchronized to the mastergroup. In this case,

the small ohase changes happen all the time, and the bigger changes do not

occur.

2.10.6 JITTER REDUCTION

Work is underway on another contract to develop a G roup Logic PCB which

11 a- much less jiLter. Preliminary results indicated that the frequency

jitter can be kept below +.1.25 ppm.

2. 11 FALSE FRAME LOCK

The hand-shaking frame routine used in TRI-TAC was not designed for

loop-back applications, but looping back a group is a handy technique for

testing, troubleshooting and demonstrations. However a false lock condition

is possible in some cases. Two cases of this problem are analyzed below.

2.11.1 LOOPING AT CHANNEL INTERFACE

A stable state of false synchronization exists for a pair of DGM multi-

plexers when one of the niultiplexers has all of its channels looped back on

themselves. The ;ollowing is a demonstration of the problem:

ALL Ch{NNELS 'l ATION

LOOPED DACK " CLOCK

Assume thatboth the RLGM and RMC are connected as shown. The RLGM

recovers timing from the Conditioned Diphase group signal from the RMC.

Power is applied to both units and the group signal is connected. Initially

both units attempt to frame ,vhile the phase-iocked loop on the RLGM Timing

Generator is still locking to the recovered clock. At a time before lock in

the phase locked loop is achieved, both units declare themselves "in-Frame''.

Lock to the recovered clock is then achieved. The resulting change in the

RLGM transmit frequency may then cause the RMC to lose frame. The RMC

is Ou-o- Frame" and transmits DATA 0, a 1111 frame pattern, and O's

- ? -Q.1
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in all other subchannels of the overhead channel. The RLGM at this point has

not yet detected the 1111 pattern transmitted by the RMC, so the RLGM trans-

mits the "In-Frame" pattern (1010), all DATA = 0 (due to the loop-back of all

data channe'l which have just been set to all O's by the RMC) and some unused

(i.e., all l's) overh':ad subchannels. The RMC, having declared itself "Out-

of Frame", initiates frame sezrch. Frame search sometinel acquires lock

on the unused overhead subchannel (a 1111 pattern). Frame acquisition can

occur in as few as 32 correct frame bits. During the time that th6 RMC

acquires frame, the RLGM has been in the process of detecting the "Out-of-

Frame" again. The RLGM turns the data back on after 32 bits because it has

received "In-Frame" from the RMC. Now the RMC is locked to the false

pattern and does not transmit data to the RLGM (the 1111 pattern indicates to

the RMC that it shall not transmit data). Because the RMC transmits no data

I's, the looped-back RLGM transmits no data l's and the RMC stays locked to

the other subchannels. The state is stable with no indication (BITE or Alarm

lights) that anything is wrong. The link does not pass data.

The following observations are made. The state is entered onlV when all

channels are looped-back, causing false lock in the unit which is not looped back.

When the loop-back is opened, the condition corrects itself (in the above ex-

ample the RMC would detect the 1111 pattern with DATA i O's and resume

frame search when the loop-back was opened). The false state exists as a

result of the specification for idle or unused channels (all l's), the definition

of frame coordination and search procedures and the specification of detection

and acqujitlion times. The condition is not unique to DGM equipment; any

multiplexer using the same techniques has the sanme problem.

The problem is not tied to the characteristics of the Timing Generator

phase-locked loop per se. Any disturbance to the link which, in the example,

would cause the RMC to declare "Out-of-Frame" while maintaining the RLGM

"In -Frame' has a potential of causing t'e false sync problem.
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2.11.2 LOOPING AT GROUP INTERFACE

Suipergroup

LG G Loop

(Tim subchannels in Group)
1

1. Both muxes in frame. Channels idle, all 1. Subchannels from TGM

to RLGM also 1. At least 2 subchannels from RLGM to TGM also 1.

2. Disturbance in link between muxes occurs so that RLGM loses frame.

3. RLGM puts out 11111 frame + channels and subchannels = 0.

4. RLGM gets this returned immediately, except that subchannels = 1,

because TGM group has not yet detected any change.

5. RLGM can frame-in in 32 frames. (This is about the same for other

muxes.) It frames on the subchannel, finding 1111 in the telemetry

subchannel.

6, RLGM puts out 1010 frame + channels and subchannels = 0 because it

has found 1111 and the data = 0 test is satisfied. Important-

data = 0 is its own data returned.

7. Finally TGM detects the RLGM's change to 1111 (Step 3). This takes

32 to 35 frames. The TGM will now shut off the channels and sub..

channels, setting all to 0. However, it is too late, the RLGM has

declared in-frame and is designed to witistand a drop-out.

8. Since the TGM is just now receiving 1010, the TGM will have the

channels and subchannels set to 0 for only 32 frames. The RLGM

easily withstands this interrupt:on, as it is only 8 ms. The TGM goes

back !o turning the data on, which unfortunately includes the subchan-

nel l's as well as the looped channel 0's.

2. IZ ANALOG ORDERWIRE LEVELS

Measurements were made on fully-equipped, full length cable systems of

the loss in the analog orderwires. These showed less loss than previous
2
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measurements. This is because in the fully equipped system, both coax

shields and the overall shieli are connected together at each equipment.

(This improves the EMP and lighl.ning protection considerably) At order-

wire frequencies, not all the return current flows in the same coax as the

outgoiag current, so the effect of the other shields is to lower the total loss

as compared to measurements taken with a single coax shield.

Z. 1Z. 1 REPEATERED CABLE SYSTEM

The insertion loss of 40 miles of cable and repeaters was measured by

first connecting the CDM's directly together and then through the cable system.

Measurements were taken before the receiver AGC. The loss at 1000 cps was

38. 2 dB. The loss at 1600 cps was 36. 2 dB. Subsequent analysis has shown

that the rise in frequency response is due to the addition of lumped capacitance

at the repeaters. These measurements were taken at room temperature.

The CDM will provide a level out of the equipment side which is the result

of the receive AGC amplifier. When the signal originates from another CDM,

it will be in the AGC range, and the output will be a nominal -4 dBm. When

the signal originates from a COU, it can be below the AGC range. Let us

calculate this. (
First we take the measured 0.98 dB per mile loss and increase it to

1. 17 dB to provide for high temperature cable. The COU can be at most 39

miles away, giving 45.6 eB loss. The COU can apparently put out + 7 1/2 dBm

with 6-volt batteries, giving an input to the CDM of -38. 1 dBm. The gain of

the CDM below the AGC range is 24 dB, so the CDM will put out -14. 1 dB.n on

the equipment side.

Another result of the current flow in the other shields is near end cross-

talk (NEXT) at orderwire frequencies. A test was made of this, and it was dis-

covered that with the nominal signal coming out of the CDM, a return signal

of -19.7 dBm was measurea. This is within the AGC range of the CDM. This

means that we have a 0 dB NEXT ratio. If it were not for the AGC amplifier,

the incoming signal to NEX r ratio would be negative (in dB).

(
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2.12.2 UNREPEATERED CABLE SYSTEM

Measurements were also made of the orderwire loss in this system.

Here the cable does not behave like an attenuator, but more like a resistor.

Therefore, the plot of dB loss vs. miles is not linear. See Fig. 2-31.

The loss at 2 miles with correction for temperature is 9 1/2 dB.

When we include the losses in the resistive pads in the GM (31.75 dB),

the total maximum loss is 41.25 dB. The nominal transmit signal (equipment

side) of + 21.3 dBm will produce -19.95 dBm out of the receiver. Measure-

ments of NEXT in this ;ystem show a return signal of -25. 5 dBm, giving a

NEXT ratio of 5. 55 dB.
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SECTION 3

LGM

(See Sylvania writeup - Volume II).

3
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SECTION 4

AN/GRC-103 MODEM

4. DESIGN GOALS AND REQUIREMENTS

The AN/GRC-103 Modem design approach outlined in Paragraph 4.2

and 4. 3 meets the system goals of the Prime Item Development Specification

11400. This approach utilizes previous DGM and PCM design techniques to

r.eEt the unit functional requirements. Careful attention has been given, in

the design and partitioning, to meet the encrypted frame operating require-

ments. Table 4.3-1 lists specific functional requirements.

On the equipment side, the AN/GRC-103 Modem can interface directly

.-. h.e Multiplexer TD-1235( )/TCC, Multiplexer TD-1236( )/G, Multiplexer

TD-1237( )/G, Diphase Digital Data Modem MD-102o( )(P)/G, Cable Driver

Modem MD-1023( )/G and the Trunk Encryption Device (TED) KG-81. The

digital orderwire interface is with the OCU. The a.ialog orderwire and radio

interface is with the AN/GRC-103 radio. Prime power is supplied from

115 +10% V, 47. to 420 1-1z ac source.

4.2 AN/GRC-103 MODEM DESIGN APPROACH

The modem block diagrams and formats are presented in Figures 2. 8-2

and 2. 8-5. Two identical modem modules: with five printed circuit cards each,

one BITE, printed circuit card and a plug in power supply comprise a fully

loaded AN/GRC-103 modem. Partitioning is provided to physically and

electricaily isolate the RED" circuitry.

The modem power supply is identical to the MD-1026( )(P)/G supply and

pr i-.ides the +12 and +15 Vdc voltage required for internal operation.

-. ~ DETAILED DESIGN DESCRIPTION

4.3. 1 TRANSMIT TIMING CIRCUITS

Figure 4. 3-1 illustrates the c'rcuit design approach of the Transmit

T rring circuits. This design provides basic timing and control signals re-

cu.red for both the RED and BLACK transmit portions of the AN/GRC-103

Modem.
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Table 4. 3-1. Modem Functional Requirements

Group Rates 128, 256, Z88, 512, 576, 1024
and 1152 kb/s

Equipment Side Interface Balanced NRZ and Timing

Radio Side Interface Transmit-Unbalanced NRZ, +10%,
2 Vp-p into 91 ohms, 640 orlZ80
kb/s Receive Unbalanced NRZ
0.5 to 2 Vp-p into 91 ohms, 640
or 1280 kb/s

TED Interface 640 or 1280 kb/s Balanced NRZ
and Timing

Frame Squelch TTL

Digital Orderwire 16 kb/s and 2 kb/s Balanced NRZ
and Timing

.Analog Orderwire Analog, Balanced 300 to 1700 Hz,
Contact Closure

BLACK Station Clock 640 or 1280 kl-fz Balanced

Tining Options From Internal Receiver,
From Related Clock

Timing Maintenance for 30 Milli-
seconds

BITE Locates Equipment Faults to Single
Replaceable Subassembly

Alarms S, SA, RS Contact Closu~e

MTBF 4000 Hours

Power 115 Vac +10%, 50 to 400 Hz, 85
Watts Maximum

Size 8-1/21{ X 12D X 19-Inch W, Rack
Mount

Weight 15 KG Maximum
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The 640 or 1280 KHz BSC signal may be derived from two (Z) sources:
the related group timing or the 640, 120 KHz looped timing from the modem.

receive circuits. Two timing mode switches, located on the printed circuit

board, select tne desired operating mode. All modes provide maximum pro-

tection against contamination by the "RED" frame and format signals.

The received 640/1280 KHz signal is derived frori the received radio

signal. As this signal has encrypted frame, the regenerated timing is 'clean".

The related group timing signal is BLACK but is also inpatted to the RED cir-

cuits. A I ,iffer isola'.es the group timing signal used for generation of the BSC.

Note that in the group timing mode, the design approach does not use any signals

from the %1UX buffer for locking the PLL. Therefore, the buffer occupancy does

not 'center" automatically and reset circuitry is required. As reset circuitry is

required for the other timing modes, there s no circuitry penalty.

Under control of the thumbwheel rate svitch, located on the PCB, the

selected timing source is divided down to a 32 kHz rate. This is the maximum

frequency common to all source rates and is the reference for the 2. 56 MHz

PLL. The desired characteristics for the PLL are: high dc gain, a +15 PPM

stability VCXO, sufficient capture range fo- a +47 PPM MGM offset plus the

+15 PPM VCXO stability, and narrow bandwidth to reduce the MGM jitter.

A high dc gain is required to minimize the timing phase shifts at the

"RED" group data buffer. Since the PLL reference is at 32 kHz, a small

phase shift at the phase detector is multiplied (percentage wise) by the group

rate divided by 32 kHz. Fc r the worst case 1152 kHz group rate the factor is

36. Therefore, for example, if the PLL requires a phase change of +300

to satisfy all lock-in conditions, the phase shift at the RED buffer would

be +10800 or +3 bits. This could cause unnecessary resets of the buffer

(especially if the buffer size is limited) with the MGM and with temperature

variations. Unfortunately, a large dc gain gives large PLL bandwidth. How-

ever, the bandwidth can be reduced with a filter. With some phase detectors,

the + /Z or + types, the filter also reduces the capture range of the PLL.

4-4
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The phase detector chosen for this design is the +Zrr (or phase frequency) type.

With this type, the PLL can be designed to maintain an adequate capture range

with large dc gains and filtering to provide the desired PLL bandwidth. There-

fore, the PLL bandwidth will be minimized, as consistent with the overall sys-

tem response times. The VCXO is specified to provide +15 PPM stability as well

as a +62 PPM minimum pull in range. A 2. 56 MHz frequency was chosen in order

to generate accurate complimentary squarewaves at the 1280 kHz rate. These

are necessary for internal circuitry only. VCXO's meeting the above specifica-

tions have been procured and are working properly.

The programmable counters are under control of the 32 x 8 PROM which

decodes the PCB RATE switch, and the Timing Mode switches. This provides

for division of the selected timing signal by 4, 8, 9, 16, 18, 20, 32, 36, or 40

as required, to generate the 32 kHz reference. The rate switch is identical to

other DGM equipments and settings will be according to DGM standards as listed

below.

Rate (kl-z) Rate Switch Setting

1152 9
1024 8

576 7
512 6

288 5
256 4
128 2

Also, rate switch position 0 shuts that modem off, The modem off signal

then inhibits bite indications on dil five modem CCAs. The 2.56 MfIz PLL pro-

vides the 640/1290 kHz BSC and the 16 kHz DVOW signal at standard DGM output

levels. Signals to the "RED" circuits are the group data (isolated by retiming)
and the counter control signals. As the latter signals are static dc levels, no

additional buffering is required.

4-5
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4.3.Z MUX CIRCUITS

These circuits provide the formatting of the group data, auo-phas.ng of the

DVOW and Telemetry data, and multiplexing of these signals with the fill and

frame pattern. To minimize RED signal modulation of critical outputs, these

circuits are physically and electrically isolated from the Transmit Timing cir-

cuits. Figure 4. 3-2 shows the MUX circuits.

The clocks required to implement thc formats shown in Figure 2. 8-5 are

generated from the 640 or 1280 kHz RSC input. A programmable +20 or +40

counter provides the addressing for the format PROM. Both the counter and

PROM are under control of the Transmit Timing circuits RATE switch. The

format PROM provides addressing for the multiplexer as well as controlling the

format clock generator. The output of the format clock generator is derived

from the RSC input and contains gaps corresponding to the DVOW, Telemetry,

fill and frame time slots. Additionally, for the 28E, Z56 and 128 kb/s rates,

clock-pulses are regularly deleted (every second or fourth). This provides a

formatted clock input, at the exact group rate, to read out the 64 x 1 FIFO buffer.

The input to the FIFO buffer is the continuous group data and timing signals from

the Transmit Timing circuits. The occupancy of the FIFO is monitored and a

reset is generated whenever an underflow, or overflow condition occurs. This

effectively sets the FIFO half full. With the reset appioach, a 64 x 1 FIFO allows

an approximate maximum of 32 bits occupancy variations within the buffer. This

greatly exceeds the maximum 5-bit format gap plus the maximum 4-bit MGM

jitter. The formatted data and its compliment are applied to the multiplexer.

The Telemetry data signal iq synchronous with the modem timing,. However

the phasing of this data is arbitrary and an automatic phase circuit is required.

Basically, this circuit resamples the data with an internal clock at the daLa rate.

If the data transitions are too close to the internai clock, another phase of the

internal clock is selected. Either cleok phase gives correctly resampled data

properly phased for the multiplexer circuits. Before the Telemetry data is multi-

plexed, it is exclusive-or modulated with an 8 kHz clock signal. This clock signal

is phased so that it is set low at the transitions of the resampled Telemetry data.

4-6
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The DVOW data signal is also synchronous, however, it may contain jitter

that exceeds the range of an autophase circuit. This jitter would cause continuous

switching of the internal clock phase, and resultant data errors. To avoid this

problem, a Z-bit elastic store buffers the DVOW data. As this requires a clock

to read in the DVOW data, a 16 kHz clock is derived from the input data. The

elastic store has reset circuitry which mcnitors the store occupancy. Whenever

a limit condition exists, the store occupancy is reset. This circuit will accommo-

date the expected +1/2 bit maximum jitter. The retimed DVOW data is also

applied to the multiplexer circuits.

The multiplexer is under control of a three line address generated by tbe

format PROM and Qaad 2 to 1 selector. This allows the formatted data, its

compliment, resampled DVOW data, resampled and modulated 'elemetry data,

or a 1 or 0 to be selected according to the required format. The multiplexed data.

is retimed and outputted as 640 or 1280 kb/s RED data.

4.3.3 TRANSMIT BUFFER CIRCUITS

The transmit buffer circuits (Figure 4.3-3) simply receives the encrypted

(from the TED) or unencrypted (from the RED data output) 640 or 1280 kb/s data

and converts it to interface levels compatible with the radio. The To Radio signal

is NRZ binary data, two volts peak-to-peak (into 91 ohms) with rise and fall times

of 160 to 280 ns. These circuits are mounted in a separate compartment with

integral transmit coaxial connectors. The BITE detector outputs are applied to

these respective Radio Regenerator circuits where a separate LED provides the

fault indication.

4.3.4 RADIO REGENERATOR CIRCUITS

These circuits accept the 640 kb/s binary or 1280 kb/s biternary baseband
radio signal (plus analog orderwire), recovers the timing and regenerates the

original binary data signal. Additionally the analog orderwire is separated from

the data and applied to the radio. For poor S/N radio signals, an RS alarm is

generated, and an Orderwire Control signal enables orderwire recovery at the Q
Radio. When the modem is out of frame, a Frame Search Inhibit signal is gen-

erated. Figure 4. 3-4 is a detailed block diagram of the radio regenerator cir-

cuits.
(.
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The 0. 5 to 2. 0 volt from radio signal is first amplified to approximately

three volts peak-to-peak. Therefore, the AGC controls the voltage gain of this

stage from 1. 5 to 6. Also the amplifier provides additional high frequency "boost"

to properly equalize the data signal. This is required as the normal Gaussian

radio response is optimized for the 576 and 1152 kb/s rates. A single pole net-

work is sufficient to approximate an overall Gaussian response for the 640 and

1280 kb/s rates. Awideband op amp with feedback controlled gain and a FET

AGC provides the AGC amplifier function. A LF-157 type op amp has both

the necessary bandwidth and slew rate for this application. The AGC control

maintains the output of the positive peak detector at the reference level of

+1. 5 volts.

Before the equalized radio signal is applied to the regenerator circuits,

the analog orderwire signal is removed by the double clamp. This type of circuit

has been proven effective in the TD-202 Combiner A, for removing analog

orderwire up to 30 percent of the digital signal. While the clamp is effective,

sone residual orderwire is present and previous experience indicates the

biternary S/N performance is reduced by approximately 1.5 dB. The buffered

output of the clamp is applied to the positive and negative peak detector cir-

cuits, the decision circuit and the transition pulse generator circuits. The

peak detector circuits provide positive and negative dc voltages equal to the

peaks of the signals. Resistor dividers then derive the biternary plus and

minus decision levels and the center level. Note that the AGC control main-

tains the positive peak equal to the reference voltage. Therefore, with noise

on the signal, the AGC tends to maintain the noise peaks at the reference

level. To obtain optimum S/N performance in biternary operation the decision

levels must be predistorted to compensate for this effect. Note that predis-

torted decision levels are not unique to an AGC approach, but is inherent with

the peak detectors themselves. As the levels are experimentally optimized

with noise, there is no real pe,formance degradation. Past biternary designs

have given decision levels that were very close to the predicted predistorted

values of one-third the peak voltages.

4 -1 1
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Before the data can be regenerated, the 640 or 1280 kb/s timing must be

extracted from the data transitions. Pulses ere generated from the data cross-

ings and applied to two precision variable delay circuits. These circuits adjust Q
the phase of the sampling timing, with respect to the clamped radio signal, to the

optimum position. A 54LS221 precision dual one shot provides these delays with

excellent stability. The trailing edge of the delay circuits is then used to gen-

erate half-width pulses; 39 and 78 ps for the 1280 and 640 kb/s rates, respectively.

Therefore, these circuits have converted the data transitions into half-width

pulses. The rate switch selects the appropriate half-width pulses and clock out-

put applied to the PLL phase detector.

The receive regenerator PLL utilizes the same VCXO as the Transmit

'riming circuits. However, the desired loop characteristics are different. A

high dc gain is desirable to minimize the phase shift of the recovered timing, but

it is not possible, or desirable to appreciably narrow the loop bandwidth. Due to

the randomness of the data, half-width pulses are generated randomly at integral

multiples of the data period. Only the +rr /2 type phase detector, using a filter to

reduce loop bandwidth does reduce the capture range. Fortunately, a wider band-

width is desirable as this allows the sampling clock to "track" jitter on the radio

signal. With the high gain, this maintains the sampling point at the optimum

position for any lower frequency jitter on the radio signal. Therefore, no loop

fi)-ering is used.

To determine the aqiality of the received radio signal, transition pulses are

generated directly from the radio input. With a good signal, these pulses, w'-en

bandpass filtered, give a 12S0 KHz sinewave signal with little AM. This is detected

and controls the RS detectcr. The RS signal detector will alarm when the bit error

rate (binary and biternary) exceeds approximately 10 " . Additionally, the level of

the radio signal is monitored. Therefore, when the radio signal S/N is poor. or

if the radio signal fails, an RS alarm condition is declared. This activates the OW

control relay contacts and the BITE card RS alarm contacts. The RS signal detec-

tor will alarm %Nhen the bit error rate (binary and biternary) exceeds approximately
) -2

10 . Additionall the last VCXO control voltage is maintained for at least 30 ms.

As the PLL is still in lock at the threshiold S/N (the PLL lock is quite rugged), this

provides receive clocks at 15 PPM stability as long as the poor S/N or no signal

condition persists.
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In normal operation, the locked 640 or 1280 kHz timing is applied to

the decision circuits. For binary signals (640 kb/s) the data is sampled at

approximately the center of the binary "eye". If the signal is above the

center level it is a logic 1, below a logic zero. For the biternary case

(1280 kb/s) the data is sampled at approximately the transition times. The

decision logic is slightly more complicated, but is easily implemented with

a JK type flip-flop. If the signal is above the +DL, it is a logic 1, below the

-DL it is a logic 0. However, if the signal is between levels, the last decision

is complimented. The Rate Control switch selects the appropriate decision cir-

cuit output, and this regenerated data is outputted, with the sample clock as

Receive Data and Receive Timing. Additionally, the 640 or 1280 kHz timing sig-

nal is used by the Receive Timing circuits and outputted as BSC 1. A t40 kHz

Timing signal is also applied to the Receive Timing circuits.

As shown, the orderwire recovery circuits are rela'jvely complicated,

however other techniques give poor audio quality. With simple low-pass filtering,

the low frequency content of the data signal is audible. Likewise, the limitations

of the double clamp, while acceptable for data recovery, does not give good quality

audio by simple subtraction of the clamp output from the input. The approach

shown is conceptually identical to the TD-202 Combiner A. Essentially the re-

covered data is subtracted from the input radio signal giving the resultant order-

wire signal. As only the low frequency energy of the data signal is a problem,

both signals are first low pass filtered. Additionally, the regenerated data is

passcd through a gain controlled amplifier. In this manner, the input to the sub-

tractor can be adjusted to reduce the residual low frequency data on the order-

wire to virtually zero. An analog multiplier multiplies the subtractor output

with the regenerated data. As noise and the orderwire signal do not correlate

with the data, their net product is zero. The product detector output adjusts the

level of the regenerated data to minimize the residual data on the orderwire signal.

This technique gives better than the required 20 dB "clean up" of the orderwire

signal. The orderwire signal is amplified and filtered before being outputted to

the radio at a -4 dBm level.

4-13
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However, with poor data S/N ratios, data errors introduce noise in this

type of recovery circuit. Therefore, when this condition is sensed, orderwire

recovery is automatically transferred back to the radio.

The Frame Search Inhibit is just the buffered search signal from the MUX

circuits. This inhibits frame search of other equipments whenever the AN/GRC-

103 Modem is out of frame.

4.3. 5 RECEIVE TIMING

The Receive Timing circuits are shown in Figure 4. 3-5. Again, the main

feature of the design is generation of the appropriate group DVOW and Telemetry

timings from only black signals. All necessary timing signals are derived from

an 8192/9216 kHz PLL. The b4 kHz reference for this loop is derived by dividing

by 10, the 640 kHz timing recovered from the BLACK frame radio signal. The

64 kHz controlled clock is either (depending on the group rate) the 8192 or 9216 kHz

VCXO output divided by 128 or 144, respectively. Desirable characteristics for

this PLL are large dc gain and narrow bandwidth. Stability is not critical, as

during an outage the +15 PPM requirement is maintained by the regenerator

VCXO supplying the reference. A +2T type phase detector with a loop filter gives

a PLL with the desired characteristics. However, Paragraph 3.2. 1.5 of the

specification 11400 limits the bandwidth of the PLL. This speL includes the lock

time of the loop as well as the frame in time of the modem. This should limit

the loop bandwidth to approximately 25 Hz.

A +16 counter, four to one selector controlled b' the rate switch, and a

4 counter provide the appropriate group rate clock. This signal is used to re-

time the group data from the DEMUX circuits; and is outputted as the BSC and

Group Timing signals, It is also applied, through a buffer to provide isolation,

to the DEMUX circuits. A buffered 16 kHz signal is also applied to the DEMUX

circuits. The Resync pulse circuits generate 20 us pulses from the resync trigger

signal supplied by the DE IUX circuits. When the modem is out of frame, resync

pulses are generated every 62 ins.

Figure 4. 3-6 is a block diagram of the DEMUX Timing circuits. These

circuits find the frame pattern, derr.ultiplex the data, demodulate the Group and

Telemetry signals and provide the three data signals. Only the Telemetry and

clock output directly to the equipment side.

4-J4L~ -}4C
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Data and Timing is applied from either the TED (encyrpted frame) or the

data regenerator (unencrypted frame). In either case, the 640 or 1280 kHz timing

is applied to a clock delete circuit, which during fra:ne search, deleted one pulse

at a time. The clock output is applied to a +20/40 counter and the clock demux.

This counter, controlled by the XMT TIM rate switch, divides the input clock by

20 or 40 depending on the format. The outputs of the counter, plus static rate

control signals, address the format PROM. This PROM provides signals to the

clock demux circuits which with the clock signal, generates the group, DVOW,

Telemetry and frame clock pulses according to the unique format for each rate.

The assume(' frame clock is applied to the frame detect circuits which examine

the input data, according to the rate, for the 1, 0 or 111, 000 frame. When lock

is achieved, the four clocks from the clock demux aUin with the corresponding

data bits in the format.

When lock is lost, the delay search circuits pro-ide a 30 ms delay before

returning to the search mode. This allows BCI to be maintained for the required

30 ms. If lock is not reachieved during this interval, frame search is enabled.

Additionally, the TED resync control signal then enables TED resync pulses

(from the receive timing circuits) to be sent every o2 ins.

The group data is first demodulated to remove the alternate data polarity

inversion and applied to a 64 x 1 FIFO. This data is entered into the FIFO with

the group clock signal from the clock demux. Data is read out of the FIFO with

the 4roup rate clock generated in the receive timing circuits. As in the MUX the

FIFO must have reset circuitry to avoid overflow or underflow. The FIFO is

initialized to one-half full by the lock signal. Normally, this should prevent over.

flow or underflow of the FIFO. However, to further insure this protection, the

occupancy of the FIFO is also monitored continuously. If a limit condition exi&,_.

the FIFO i,. then again set to one-half occupancy. The grcup data output is then

sent to the receive timing circuits.

The Telemetry data is demultiplexed and demodulated from the 640/J 280 kb/s

data with a 16 kHz clock from the clock demux circuits. This clock is also applied

to a +8 counter. The 2 kb/s demodulated data is then r'timed witlh the +8 counter

2 kHz squarewave output. The retimed Telemetry data and clock are outputted at

standard DGM levels, when out of lock, the data is set to all "ones".

4-17
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4.3.7 BITE

The AN/GRC-103 Modem used the identical BITE approach and printed cir-

cuit board developed during the DGM programs. However, to meet the specific

unit BITE functions, a new PROM coding was necessary. Provision is made to

suppress false BITE indications when only one modem module is in operation, or

if only one modem module is in the unit. The BITE approach and design is dis-

cussed in detail in Paragraph 20.

4.3.8 FIFE

The 103 Modem design incorporates the requirements of MIL-STD-1472

to the maximum extent possible, consistent with operational requirements and

physical design limitations imposed by TT-Bl-2202-0013 performance specifica-

tion.

Initial setup controls required to configure the equipment to system require-

ments are incorporated onto the accessible edge of the PCB's. These controls

are protected by the front panel cover. No controls are located on the RED

PCB's. The unit BITE control and alarm are positioned for rapid recognition

and ease of identification.

Connectors are located on the rear of the case and are positioned to

ensure maximum ccessibility. The unit case is shown in Figure 15.1, 8-1. The

rear panel layout is shown in Figure 15. 1. 8-2.

Unit weights imposed by the specifications are within the requirements of

MIL.-STD- 1472.

4-18
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4.3.3 RELIABILITY DESIGN

The AN/GRC-103 Modem has a specified MTBF of 4000 hours. This is

equivalent to 250 failures in 106 hours. The reliability prediction and the

derronstrated results are summarized in Table 4. 3-2.

Table 4. 3-2

AN/GRC-103 Modem

RELIABILITY

Specified Predicted Demonstrated

MTBF (Hrs) MTBF (Hrs) MTBF (Hrs)

4000 7974 4391

4

I

k
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SECTION 5

RLGM

(See Sylvania writeup - Volume II).

5-1



RAYTHEON COMPANY
E Q U I P M E N T D I V I S I 0 N

SECTION 6

RLGM/CD

The Remote Loop Group Multiplexer Cable Driver (RLGM/CD) is required

to carry traffic at either 72 kbp/s or 144 kbp/s. The cable modulation is con-

ditioned diphase, and is transmitted down CX-11230 cable at lengths up to 3.2 kin.

The RLGM/CD provides power via the cable to operate an RLGM and its associa-

ted DSVT's. Maintenance orderwire is provided along with the line side signals

and it terminates in the COU.

6. 1 DESIGN GOALS AND REQUIREMENTS

RLGM/CD function requirements are summarized in Table 6-1. The RLGM/

CD handles traffic at 72 kbp/s or 144 kbp/s. Baianced NRZ and timing signals

are accepted at the equipment side, and are converted to unbalanced conditioned

rdiphase or transmission over up to 3.2 km of CX-11230 cable. Power for the

RLGM is also applied to the cable as 180 Vdc at 0. 300 amperes. Maintenance

orderwir". is also accepted balanced at the equipment side.

6.2 DESIGN APPROACH

The original concept of the RLGM/CD was to have a five inch high case con-

taining one power supply and one cable driver modem card. The approach

taken is a daal RLGM/CD (see Figure 6-1) in a full size case. This

approach allows the use of a standard size DGM case and standard size DGM

panels. Each cable driver and the cable interface will occupy a standard size

panel and a fourth card, the BITE panel, will be the same common panel used

in other units.

The RLGM/CD uses the same power feed circuit as the RMC so that

both will present the sarni interface to the RLGM.

6-1
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TABLE 6 -1

DUAL RLGM CABLE DPIVER FUNCTIONAL REQUIREMENTS

Function ,Requirement Specification

Size 19-inch-rack mounting SCL- 1280(3. 3.3)
12 inches deep, maximum (3.2.2.4)
8.5 inches high, maximum

Weight Not to exceed 15 kilograms (3.2.2.4,2)

Prime Power ac or dc input (3.2. 1.4.4)
Not to exceed 200 watts

Power Feed Power for all functions of (3.2. 1.4.4.1)
RLGM including DSVT
power feed

Maintenance Passive 300 - 3400 Hz (3. 1. 2.8. 2)
Orderwire analog voice

(
Reliability MTBF' - 4000 hours (3. Z. 3.1)

Environment Thmgerature (-25 0 F to (3.2.5. 1)
-, 145 F) humidity, alti-
tude, dust, salt fog,
fungus, vibration and shock

EMC Tests for modems of (3, 3.2.2)
MIL-STD-46 1

Nuclear Section 30 of TT-BI- (3.3.8.2)
3001-0011 except 30.2.4. 1. 1
and 30. 2. 4. 1. 2

6. 3 DETAILED DESIGN DESCRIPTION

6.3. 1 RLGM/CD TRANSMIT SIDE

Equipment side inputs to the RLGM/CD are balanced NRZ data and related

timing. Balanced inputs are terminates in 100 ohms. Figure 6-2 shows a

block diagram of the RLGM/CD. Interface circuits are describec' in Section 2.7

for equipment side signals.

6-2
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The clock is fed into an XZ multiplier employing a phase-locked loop (see
Figure 6-3), since a clock at tw.ice the data rate is required to convert binary to
conditioned diphase. A strap controlled gate selects the correct phase-locked
loop frequency divider for generating the binary-to-diphase conversion clocks for
each data gate. The data, the clock, and the 2X clock are then fed into a binary
to diphase converter (see Figure 6-4). The conditioned diphase out of the con-
verter is applied to a cable driver. The driver consists of active components and
presents a constant output impedance to data as well as to audio frequencies. The
driver is isolated from the power feed by a blocking capacitor.

TIMING
IN 0IN LPF VCO

FIN N

72 4

[ P -144 2

F
Figure 6-3. X2 Multiplier

6.3.2 RLGM/CD RECEIVE SIDE

The CX-11230 cable attenuation between 72 kHz and 144 kHz is fairly flat.
The attenuation for 3.2 km at 144 kHz is approximately 18 dB and is about 17 dB
at 72 kHz. The cable receiver will restore the s~guial to approximately 2 V p-p
for use in timing recovery and data detection.

The cable will be equalized for maximum length. At shorter lengths, the
resulting overshoot will be clipped off and the signal will be sliced around the

center.

Figure 6-2 shows the block diagram ui the receive side. The signal from

the cable is ac coupled to the preamplifier and equalizer through a blocking capac-
itor. The equalized signal is filtered in a high pass filter to remove the analog

6-5
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IN
L ,CLOCK K

i, 2X

CLK

® L1_L-JF

2 (

Figure 6-4. Binary to Diphase Converter

orderwire. The signal is then amplified, sliced, and sent to the timing recovery

circuit.

The timing recovery circuit is a phase-lccked loop consisting of a voltage

controlled oscillator (VCO) locked to the received data transitions at a 90-degree

phase angle at center frequency. The transitions are made in the transition de-

tector which consists of one-shots generating pulses fcr each positive and negative

transition of the diphase data. The pulses sent to the phase-locked loop are equal Q
in width to approximately one-half cf the diphase data pulse. Since both data rates

require different width transition pulses, each data rate employs separate one-

shots. The proper pulsewidth output is selected through a selector gate controlled

by an external strap. An exclusive OR phase detector in the phase-locked loop

6-6
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compares the data transitions to the VCO timing transitions. At center frequency,

the data and VCO timing transitions are at a 90-degree phase angle and the phase

detector output pulses are one-half the width of the input pulses. Any positive or

negative offset from the center frequency proportionately increases or decreases
the width of the phase detector output pulses. The output pulses are filtered to

give the control voltage to the VCO. The VCO output is either left alone or divided

by two, depending upon the data rate (see Figure 6-5). The 72 or 144 Kb data

rate will be a strap option depending on a 16 or 32 Kb DSUT rate.

The diphase data from the preamplifier is sampled twice per bit by the

2X clock produced in the timing recovery circuit. Interference from noise or

crosstalk on the shielded cable has been -cirnated to be at least 20 dB below, the

diphase signal level.

The signal out of the amplifier is sliced by a comparator referenced to

0 volt. The resultant logic level is strobed into a diphase to binary converter by

the rising edge of the 2X clock (see Figure 6-6). The converter consists of a

288 KHz

DATA ZERO
IN CROSSING LPF % VCO

DETECTOR COMP

RATE N

72 2

144 i

- 2 - - DATA RATE CLK

2XCLK

Figure 6-5. Clock Recovery Loop
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DIPHASE D
DATA -D 3BITSR

2XCLK-- c 0 2 Q3

(OD D QBINARY
E DATA

DATAi' RATE CLK

[0 _ _ __,_r . ....

o ®

Figure 66. Diphase to Binary Converter

three bit shift register with the first and third outputs applied to an exclusive OR

circuit. The output of the exclusive OR circuit is then resampled at the data rate.

,4 The recovered data and timing are then applied to balanced NRZ drivers.

6.3.3 RLGM/CD POWER FEED

The power supply for the RLGIM/CD (described in Section 14) provides

180 Vdc at 300 mA. This voltage is fed down the cable as means of powering the

RLGM. The current is split up by applying the 180 volts to both transmit and

receive lines. Therefore, the diphase data in and out and the transmit and receive

orderwire are superimposed on the dc voltage. AC isolation is provided by block-

ing coils in both power feeds.

6. 3.4 MAINTENANCE ORDERWIRE

An analog voice orderwire is provided with ea-.- cable driver. The order-

wire is completely passive in the RLGMCD and will operate wiiAl . itheut ,unit

power or with a faulty RLGMCD in the system. Audio transformers interface

iie orderwire with the cable.
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6. 3.5 BITE (BUILT-IN TEST EQUIPMENT) AND ALARMS

Various points within the RLGM/CD are monitored for . roper operation,

such as activity detection of signal inputs and outputs and phase-locked loop-in-

lock detection. These status points will e',able fault isolation to a single printed

circuit board. An LED indication is provided on each driver card for ease

in fault isolation.

Any detected fault within the unit will activate a summary fault light and will

also provide a dc closure at pins of an external connector. This is called an S

alarm (see Figure 6-1). Two other alarms, SA and LS, will provide dc closures

at -ins of the external connector. SA alarm will indicate a fault within the unit

a:nd _:,ss of input cable signal will inhibit the SA alarm. LS alarm will indicate

loss of incoming signal on either CX-l1230 cable.

6.3. c CABLE INTEPFACE

A card called the Cable Interface is common to both drivers and contains

the orderwire circuitry and the blocking capacitors. The power feed ac blocking

co:s are placed in the power supply. Two smaller inductance coils, one in the

transmit power feed and one in the receive power feed, are located on the

interface board to block any noise from the cable getting into the power supply.
The line EMP protection diodes are also located on this panel on the cable

driver side of the blocking capacitors.

The +180 volt power feed are isolated to this card and are not present

on the two cable driver cards.

6.3.7 EMI

The equipment side signal lines into and ou. of this device are balanced.

The balanced lines carry the traffic at rates of 7! or 144 kB/s. This balance is

the primary suppression meanz. Shielded twisted pairs such as RG-108 are con-

nected here to maintain good EMI suppreb6lon. There is a floating alarm which

appears as a balanced line. All equipment side signals in this unit are digital,

, having a basic (sinx/x)2 spectral response. The clock line is choseni to he balanced

for TEMPEST xeasons. The diphase line signal has an (sin X/X) 2 spec~ra , shape.

waveshaping required for EMI suppressior will be less serious than the cable.

6
6-9
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The power line has a single EMI filter specified for dc, 60 Hz and 400 Hz. Q
This makes it larger than a conventional filter, but smaller than two filters.

The power line filter has an integral power line connector which gives far better

performance and saves additional space.

6.3.8 HFE

The RLGM Cable Driver design incorporates the requirements of MIL-

STD-1472 to the maximum extent possible, consistent with operational require-

ments and physical design limitations imposed by TT-BI-ZZ02-0013 performance

specification.

The unit BITE control and alarm is positioned for rapid recognition and

ease of identification.

Connections are located on the rear of the case and are positioned to

ensure maximum accessibility. Front and rear panel layouts are shown in

Figures 6-7 and 6-8.

(
Unit weights imposed by the specifications are within the requirements of

NIIL-STD- 1472.

6.3.9 RELIABILITY

The reliability requirement for a single RLGM Cable Driver as contained

in Specification TT-Bl-2202-0013, Rev. 1, is an MTBF of 4000 hours (250

failures per million hours). The reliability prediction and the demonstrated

results are summarized in Table 6-2.
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TABLE 6-2

REMOTE LOOP GROUP MULTIPLEXER!
CABLE DRIVER RELIABILITY

Specified Predicted Demonstrated
MTBF (Hrs) MTBF (Hrs) MTBF (Hrs)

Single 4000 18,457 13, 600 (Note)

Dual N/A 16,889 6, 800 (Note)

NOTE: There were no failures during the demonstration test. The
hours listed indicate the minimum lernonst rated MTBF, by
assuming a failure Just after the test.
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SECTION 7

RMC

(See Sylvania writeup - Volume II).

7-1

7777 1,



E !0 UJ , P M 1E N T D I V I S 1 0 N

SECTION 8

TGM

8. 1 DESIGN GOALS AND REQUIREMEDVrS

The performance goals are as etumerated in the specification with the

exception of the frame storage capab.lity. The present design is capable of

sufficient storage for a maximum g "oup size of 144 ch.?nnels.

When the TGM is usedA in . system where the channels have a 16 kb/s

rate and the frame has a 2 kb/ 3 rate, it will not deliver a 4608 or 4096 kb/s

supergroup. This would con'.ain 288 channels and could not be accepted by

any other TRI-TAC elemens. Providing the added capability would increase

the complexity and power dissipation of the equipment.

Table 8-1 contain 3 a summary of the TGM functional requirements

primarily as stated in the specification with the exceptioa of the power

dissipation and weighat. The TGM Group rate structure i: shown in Tables

8-Z, 8-3, and 8-4 for the various classes of input rates.

With respect to the output, the TGM formats two types of supergroup
outputs:

a. Normal - The supergroup output of the TGM is formed

by aligning the frames (except for single channel operation), and then bit inter-

leaving the group inputs; where no frame (and no overhead bits) appear in groups

inputs 2, 3, or 4, the same format is adopted, but with no frame alignment

of such groups and with overhead bit positions replaced by traffic bits. The

appropriate format for each combination of group inputs identified in Table 3-1

is listed below: 0 = an overhead bit from the group input to Port N and N

a traffic bit from the group input to Port N.

8-1
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TABLE 8-1

TGM FUNCTIONAL REQUIREMENTS

Number of Groups: Up to Four

Group Rate: 72 kb/s to 2304 kb/s

Type of Multiplexing: Synchronous

Group Interface: Balanced NRZ and Timing

Super Group Rate: 128 kb/s to 4608 kb/s

ISuper Group Interface: Balanced NRZ and Timing

B ITE: Locates equipment faults to replaceable
subassembly

'rolemetry Output: 150 b/s giving: Frame status for groups
and super group; loss of
receive group or super
group; super group frame
error count.(

Telemnetry Transmission: 2 kb/s telemetry subchannel, balanced
'NRZ and timning.

Timing.- Transmit
timing frorr: Station clock; receive

supergroup; group I on
low speed sidle.

Framing: Within 50 rns for 4 kb/s frame rate with
mninim-un probability 0. 9 in 0. 1 percent
BER random errors; and within 100 irs
with minimium probability 0. 9 in 20 percent
Burst BER at I to 20 Hz rate with five per-
cent duty cycle.

MTBF: 5000 h~our~s(

!-ower: 115 Vac 1-10%, 50 r 400 Hz or 24 dc battery,
60 watts maximum- input.

Size: 8-1/2'' H- x 12'' 0) x 19'' rack mnount.(

Weig"'~~~~t: 10 kg _ _ _ -_ _ _ _ _ _ _ _ _

"I 8-2
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T.ABLE 8-2
TGM GROUP RATES

inputBit Rates Ikb/s)- Output Bit Fram~e

Input No. 1 2 3 4 Rate (kb/s) Formatl/

20485- 2048 0 0 40960/ Al
2048 1024 1024 0 4096 B
2048 128.-024y-/ 0, 128-512 0, 128-512 4096 C
1024 1024 128-1024 0, 128-1024 4096 A3
1024 512 512 128-512 4096 A3

1024 1024 0 0 2048 At
1024 512 512 0 2048 B
1024 128-512 0,128,256 0, 128,256 2048 C
512 512 128-512 0.. 128-256 20'8 A3
512 256 256 128,256 2048 A3

512 512 512 0 15363-/ AZ

512 512 0 0 1024 Al
512 256 256 0 1024 B
512 128,256 0,128 0,128 1024 C
256 256 128,256 0, 128,256 1024 A3
256 128 128 1Z8 1024 A3

512 0 0 0 512 *

256 256 0 0 512 Al
256 128 0,128 0 512 B
128-/ 128 128 0,128 512 A3
256 0 0 0 256

128 4/  128 0 0 256 Al
128 0 0 0 128

*The overhead and traffic bit relationship is identical to the input overhead
and traffic bit relationship.

Notes:
jJ X-Y means X cr Y or any standard intermediate bit rate, e.g., 128-1024

means 128 or 256 or 512 or 1024.

.?/ For the 512, 512, 512. 0 kb/s input bit rate combination, both 2048
and 1536 !kb/s output rate are applicable, and the required output rate is
switch selectable.

3_ For the 512, 512, 512, 0 kb/s input bit rate combination, both 2048 and
1536 kb/s output rates are applicable, and the required output rate s switch
selectable.

4J 128 kb/s input group rate will only be utilized witl, a Y, kb/s channel rate.

5/ With 16 kb/s channeJs, the maximum output bit rate is 2048 kb/s (128
channels), the maximum input bit rate is 1024 kb/s (64 channels).

8-3
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TABLE 8-3

TGM GROUP RATES

Input Bit Rates (kb/s) Output Bit Frame
Input #I Input #2 Input #3 Input #4 Rate (kb/s) FormatL/

23041/ 2304 0 0 46084 Al
2304 1152 1152 0 4608 B
2304 144-1152-J 0,144-576 0,144-576 4608 C
1152 115Z 144-1152 0,144-1152 4608 A3
1152 576 576 144-576 4608 A3

115Z 1152 0 0 2304 Al
1152 576 576 0 2304 B
1152 144-576 0,144,288 0,144,288 2304 C
576 576 144-576 0,144-576 Z304 A3
576 288 288 144,288 2304 A3

576 576 0 0 1152 Al
576 288 288 0 1152 B
576 144-288 0,144 0,144 1152 C
288 288 144, Z88 0, 144,288 1152 A3
288 144 144 144 1152 A3

576 0 0 0 576

288 288 0 0 576 Al
288 144 0,144 0 576 B
144 3J 144 144 0,144 576 A3 (
288 0 0 0 288

144-1 144 0 0 288 Al
144 0 0 0 144 *

_____ ---. I-_____ L 
____*The output overhead and traffic bit relationship is identical tU the input

overhead and traffic bit relationship

Notes:

1J X-Y means X or Y or any standard intermediate bit rate- e.g., 144-1 152
means 144 or 288 or 576 or 1152.

_/ 144 kb/s input group rate is only utilized with a 16 Kb/s channel rate.

3/ 144 kb/s input group rate is only utilized %\ith a 16 Kb/n channel rate.

4/ With 16 kb,'s channels, the maximum output bit rate is 2304
kb's (144 channels), the viaximum input bit rate is 1152 kb/s (72 channels) __
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TABLE 8-4

TGM GROUP RATES
(RLGM OPERATION)

Input Bit Rate (kb s)
Input #1 Input #2 Input #3 Input #4 Output Bit Rate (kb/s)

144 288 (9 ch)

144 144 -- 288 (9 ch)

144 144 144 -- 576 (18 ch)

144 144 144 144 576 (18 ch)

Notes:

1. Bit rates reduced by a factor of two when loop rate is
reduced to 16 kb/s.

Where appropriate, the bits of low rate group inputs will

be multiple sampled to provide the correct interleaving paterns.

For single channel operation, the supergroup overhead and
traffic bit relationship is idertical to the overhead and traffic bit relation-
ship on group number one.

FormatAl. 01, 02, 1,2,1,2, --------

Format A2. 01, 0 03 1,2, 3, ,2,3,--------

FormatA3. 01, 02, 03, 04P 1,2,3,4,1,2,3,4,--------

Format B. 01, 02, 1, 03, 1,2,1,3, 1,2, 1,3,--------

Format C. Oil 021 ' 039, 1,2, 1, 049 1,2, 1,3, 1,2, 1,4, ........

b. RLGM - The TOM accepts one to four RLGM group
inputs and produce a supergroup frame output for a nine and 18 channel con-
figuration as listed in Table 8-4. The nine channel supergroup output is

a serial bit stream consisting of an overhead channel bit followed by eight

traffic bits. These traffic bits will be assigned in the following order: Channel

I from group 1, channel 1 from group 2, channel 2 from group 1, channel 2

from group 2,--, channel 4 from group 2. For the 18 channel configuration,

8-5
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the group output is serial bit stream consisting of an overhead channel bit

followed by a spare bit which is set to one, followed by 16 traffic bits de-

rived from RLGM group inputs. These traffic bits will be assigned in the follow-

ing order: Channel I from group 1, channel I from group Z, channel I from

group 3, channel I from group 4, channel Z from group 1, channel 2 from group

2, channel 2 from group 3, channel 2 from group 4, ..... channel 4 from group 4.

8.2 DESIGN APPROACH

Figure 8-I shows a block diagram of the Trunk Group Multiplexer. The

unit consists basically of four Group Multiplexer/Demultiplexer modules, which

reclock and delay the group input and output signals so as to be able to line them

up in an overall supergroup reference. In each Group Mux/Demux module are

the associated input and output buffering circuits and sufficient delay storage

to line the individual groups up with the supergroup frame. Frame sensing logic

is also incorporated in each of these modules so as to sample the frame bit as

required. While the frame sensing logic is done on a per channel basis, the

actual framing procedure algorithm and control of the framing for the .upergroup (
and all four groups is done in the microcontroller module.

The individual groups are combined into a supergroup on the Supergroup B

Module. Here, the supergroup is combined and reclocked, and telemetry and

framing patterns are introduced. The supergroup is demultiplexed on the Super-

group Timing module and feeds the individual group modules for outputting the

demuliplexed group signals. This module also generates the associated group

clocks and timing reference for delaying the input supergroup frame. The Super-

group B module contains the necessary circuitry for buffering and aligning the in-

coming data to the internal supergroup frame reference. The frame sensing logic

for the supergroup reception is done on this module, however, controlling the

frame synchronization is done on the Microcontroller module. The micro-

controller utilizes the same framing algorithm and procedure for each group in-

put as well as the supergroup input. As a result, the same hardware can be

utilized for all five framing programs, and be time-shared among them.

Figure 8-2 shows a flow chart of the framing procedure required. Basically,

all data is input on the I/O bus and the algorithm and procedural control imple-

mented within the microcontroller. Results or actions to be taken is outputted

8-6
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on the I/O bus to individual modules as required. Timeouts required is im-

plemented using a 500 Hz interrupt counted within the microprocessor. Strapping
options and other manual control inputs are implemented using status registers

connected to the I/O bus.

The procedure is basically identical to that of the TCC-39 switch. Since

it is a handshaking procedure, it is essential that the DGM use exactly the same

procedure to provide interoperability. The algorithm utilizes the TCC-39

switch analysis and resulting parameters to meet both the specification framing

and TCC-39 switch interoperability requirements.

The synchronization time starts when Unit 1 detects that it is out of frame

sync. Unit 1 sends 1111 -- frame and ZEROs on the data channel to indicate

that it is out of frame sync. Unit 2 uses a 30 out of 32 criterion to detect

1111 -- frame and a 176 out of 512 criterion to detect all ZEROs on the data

channels. Unit 2 detects that Unit 1 is out of frame when both of these detection

criteria are met. Unit 2 detects that Unit 1 is out of frame within 10. 5 ms for

a 4 kb/s frame signal and 21 ms for a 2 kb/s frame signal. An additional aver-

age detection delay of 25 ms is expected in burst noise environment. When Unit 2

detects that Unit I is out of frame, it removes all data and transmits only 1010 - -

frame. Unit 1 searches for and acquires 1010 -- frame synchronization within

10. 7 ms for a 4 kb/s frame signal and within 21. 5 ms for a 2 kb/s frame signal.

Upon acquiring frame sync, Unit 1 changes its transmit frame signal from 1111--

frame to 1010 -- frame and connects data to the data channels. Unit 2 detects

the 1010 -- frame and data in the same manner that it detected 1111 frame and

ZEROs on the data channels above. When Unit 2 detects that Unit 1 is in frame,

it connects data to the data channels and communication is restored.

Since Unit 2 can switch from the all ONEs pattern to an alternate zero-one

patterns while Unit 1 is still looking for the all ONEs pattern, separate all ONEs,

zero-one and one-zero searches will be made. These will be made concurrently

on frame bits. All three cumulative counts will be tested for the 30 out of 32

criterion. If any one passes this test, the frame pattern has been detected and

the program continued looking for 176 out of 512 ZEROs on the data channels.

As a result of using a microcontroller for the synchronizer, the additional counters

required manifest themselves as additional locations in RAM. There are sufficient

storage locations in RAM so no increase in hardware results.

8-9
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A microcontroller was selected here as the best approach for the sync

algorithm for a number of reasons. First, the same algorithm must be utilized

for five different inputs. This could be accomplished using five different logic

circuits, however, they would be running only a very smail fraction of the over-

all time. As a result, the overall duty cycle of the circuits would be quite low.

One, therefore, would like to time-share synchronizer circuits. With respect

to the synchronizer algorithm itself, a maximum amount of flexibility is desir-

*able so that the algorithm may be changed at future dates to improve the system

with a minimum amount of changes to the hardware. Both of these requirements

lend themselves to the use of a microcontroller where random logic may be most

easily implemented and changed merely by changing the firmware, that is, pro-

grammable read-only memories in the microcontroller.

With respect to the storage requirements of the multiplexer, a number of

approaches were considered. A centralized RAM storage for all groups was

first considered, however, it was discounted because the speed requirements

would have been too great for present day technology utilizing a single RAM. If

the RAM were segmented into words, it was felt that the same storage require-

ments would be the same as for the segmentation of a RAM on a group basis.

Segmenting the RAM on a group basis also allows for identical group modules

to be utilized rather than one larger special module. In selecting the individual

integrated circuits to use for storage, a RAM was used because of the speed re-

quirements and the ability to change the total number of bits used within the

device. In determining the specific device to be used for storage, a 1024 by 1

and d 256 by 1 RAM were considered. The dissipation for the larger RAM was

found to be approximately the same as that of three of the smaller RAMS which

would give adequate storage capabilities. As a result, the larger RAM was

used.

An attempt was made to incorporate the input FIFO into the group RAM

storage, but was di, continued when a single integrated circuit FiFO was found

to be available. With this circuit, the complexit- of the design was greatly (
reduced. The FIFO to be ,.sed contains 64 bits and, as a result, does not

contain the buffering capabilities stated in the proposal (256 bits). However,

8-10

a;r



RAYTHEON COMPANY
E 0 U I P MA E N T 0 1 V I S, 1 0 N ATED

use of this single integrated circuit considerably reduces the power require-

ments over the 256 bit FIFO which must be designed with many separate

MSI functions.

The specification does not identify any requirements for the FIFO. The

requiremert of inputs from extension facilities, where no master clock exists,

due to radio or cable jitter of +2 psec is 19 bits. If inputs came from different

nodes having different master clocks, 163 bits would be required. Since this

requirement apparently does not exist, the 64 bit FIFO is more than adequate,

and is used.

A separate module is utilized for generating the telemetry signals

req'-ire for the TGM. In addition, a timing module is incorporated bo

as to generate all clock circuits required for the other modules from the group

input clock, station clock, or supergroup input clock utilizing a phase lock to

obtain a basic clock frequency of 4. 608 MHz or 4. 096 MHz. TEMPEST buffers

are provided on all BLACK inputs and outputs, i. e., all non-group and super-

group data and clock inputs and outputs.

8. 3 DETAILED DESIGN DESCRIPTION

8.3.1 GROUP MUX/DEMUX MODULE

(Figure 8-3 shows a detailed block diagram of the Group Mux/Demux module.

This module basically contains all the delay storage, frame sensing logic and re-

clocking required for each of the group input/output signals. The group input

data signals and clock are clocked into a 64 bit FIFO. This unit has totally

asynchronous input and ouitput clocks and, therefore, accomplishes the clock

buffering between input groups and the TGM. In addition, it supplies the capa-

bility of +32 bits of delay variation on the input signal. 19 bits is adequate

for radio or cable extensions. As a result, more than adequate storage require-

ments have been implemented. This serial output bit stream from the FIFO

drives the frame sample logic.

8-11
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The frame sample logic searches for the framing bit and sample bit.

The logic, under a command from the microcontroller initiates search for

the frame bit at the bit rate, When a one is detected in the frame sample logic,

the count in the frame bit counter located on the timing circuits will be stored

in a di-ay storage register located on this module. The frame bit counter sup-

plies a delay count for each of the modules. Therefore, the relative position

of the sample framing bit is stored locally on this module. As a result, the

relative group frame bit, positions itself to a common reference (the frame bit

counter). After the detection of the frame bit, the microcontroller interface

circuits, which are primarily a set of D flip-flops and decoders, will raise an

interrupt request for the microcontroller to allow it to process the sampled bit.

The microcontroller services the interrupt and performs a step in the algo-

rithm before the next trial frame bit occurs (250 microseconds later).

The frame bit counter having counted the total number of bits per frame

will, one frame later, present the same number as stored in the delay register.

The comparator compares these two and presents a sample pulse to the frame

sample logic to sample the next frame bit. Once again, an interrupt occurs

for the sync algorithm and the algorithm continues to process the bits. When

the frame pattern is finally detected and the non-zero data bits must be counted,

they are counted in a counter located on this module and again the results trans-

mitted to the microcontroller for evaluation in the algorithm.

When tinally synchronized, the delay storage register contains the re-

quired delay from a fixed reference point (frame bit counter) for the individual

group bit stream. This number is used as the modulus is on an address

counter for a 1024 by one RAM which stores the data for that particular

channel. For each bit, the address counter is incremented, the data being

read out prior to writing in of new data. A cielay equal to that of the modulus

is thus obtainel. The output data is gated to either all one's or all zero's as

required by the framing algorithm through microcontroller interface circuits,

and the reclocking flip-flop on the output of the kAM. This output feeds the

supergroup combiner where it is combined with the other channel-.

Figure 8-4 shows the microcontroller Interface Circuits lock diagram used

on the Group or Supergroup A modules.

8-13
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Figure 8-4. Microcontroller Interface Circuits on Group or Supergroup Modules
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If the module requests servicing, it sets the interrupt flip-flop. Upon

recognizing the interrupt, the microcontroller addresses the module on the

four bit address bus. The microcontroller subsequently enables the module data

onto the input bus with the strobe pulse for its duration while resetting the inter-

rupt flip-flop. Since only one module is addressed at a time, this is the only data

to appear on the bus at that time. Furthermore, since the drivers are open col-

lector, they only drive the line when enabled and, as a result, do not load the

bus when disabled.

If data is to be loaded into the module from the microcontroller, the module

is addressed using the address bus and the data is placed on the output data bus.

The microcontroller then enables the load pulse and the data is read into the

output control register on the g'oup module.

This module also contai is the reclocking and gating circuits required for

the output of the supergroup demultiplexer. The local group telemetry and

frame pattern are added in these circuits as required. The reclocking and

gitl~ng circuit outputs drive the group clock and data outputs. The information

for the framing and associated control signals required as a result of group

level in-frame/out-of-frame status is obtained once again from the micro-

troller through the interface circuits on the module.

Bite test points monitored on the Group Mux/Demux module are as follows:

Demux Group Data In (from Supergroup)

Frame Pulse In (from Supergroup Timing)

Terminal Count of RAM Address Counter

Group Data Clock Out (to external interface)

Demux Group Data Out (to external interface)

FIFO Reset

Terminal Count of Data 512 Counter

Group Rate Zero

Tx Data Clock In (from Supergroup Timing)

Rx Internal Group Clock In (from Timing Module)

Group Tx Data Out (to Supergroup)

Interrupt Flip-Flop

Rx Group D-ta In (from External Interface)

Rx In Sync

Rx Group Clock In (from Fxternal Interface)

8-15
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8.3. Z SUPERGROUP A MODULE

The Supergroup A Module, Figure 8-5, contains the interface circuits

delay storage and frame sensing logic required for the supergroup data input.

These circuits are conceptually the same as those used on the Group Mux/Demux

module with a few exceptions.

Since a supergrcup input clock is available, the input data need only be re-

clocked and no elastic store is required.

With respect to the microcontroller interface circuits, the transparent

channel bit has been omitted. In addition, the TED Resync command, TED Resync

Achieved and Frame Inhibit signals have been added. These allow the additional

controlling the TED sync and supergroup framing from the microcontroller.

The RAM storage for the supergroup is twice that required for the super-

group modules. As a result, two 1024X1 RAM's are used in a 1024X2 bit word.

This configuration was used so that the RAM's may run at half the speed (a more

conservative design). The RAM output is recombined into a single serial bit

stream at its output. The RAM delay addressing circuitry is similar to that of

the group module with the exception that eleven bits are required to address tie

complete delay range. The delay count input is derived from the Supergroup

Timing Module frame counter.

The following points on the Supergr,,up A Module will be monitored for

BITE:

Interrupt

RAM Address counter output

Data Not Zero output

RAM Write Enable pulse

Delayed Data in

Data Out

Supergroup Clock/2

8.3. 3 SUPERGROUP TIMING MODULE

Figure 8-6 shows d block diagram of the Supergroup Timing module.

8-16
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GROUP DEMUX
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DEMUX CLOCK OVERHEAD 2 BPS
AND OVERHEAD 4 LGCTELE:"MET RY
TIMING LOGIC L ICCIRCUITS
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TEMPEST BUFFERSFORMAT f

COUNTER

C-O-K FROM F
SUPE GROUP A

VMDUL . COUNTER

FNRMRS D BITE MODULE

DELAY COUNT
70 SUPCRGROUP A
MOIDULE

Figure 8-6. Supergroup Timing

The frame search counter divides the Supergroup input clock by the numoer

of b.ts per frame for the chosen rate. The count (delay count) is continually sent

to the Supergroup A Module which determines at what count the frame pulse occurs

and delays the input data so that the frame pulse arrives at the Supergroup Timing

Module coincident with the frame search counter's lowest or loaded count.

The overhead rate counter divides the Supergroup input clock by a number

that achieves the overhead rate. It, the ncrmal mode an overhead gate is generated

at its loaded count. In the RLGM mode the overgate is terminated by the first

load pulse not coincident with load pulse of the frame format counter. The load

pulse of the overhead rate counter is synchronized with the load pulse of the frame

searc.. counter.

7- rate PROM-controlled or addressed by a manual rate switch-determines
the canting intervals for the overhead counter and the frame search counter

since -.ts interval is always eight times that of the overhead conter's. The over-
head PRO.M generates the group clock pulse and then overhead bits positions.

Spurs are eliminated by using reclock flip-flops.
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The 2K telemetry circuits store and forward the supergroup overhead bits

when required. in the normal the fifth overhead bit is transposed to the sixth

overhead position of Group 1 with a logical "1" dummied into its location. The

sixth supergroup overhead bit is transposed to the Group 1 seventh overhead

position and the seventh overhead bit is produced locally for the two kbps local

telemetry channel. For RLGM the overhead bits are not forwarded but set to a

logical "1': for all groups.

The following points are monitored on the Supergroup Timing Module:

Overhead Counter

Frame Counter

Frame Format Counter

2K Telemetry Clock Out

8.3.4 SUPERGROUP B MODULE

The Supergroup B Module is used to combine the aligned group data from

the group modules into one supergroup bit stream. Figure 8-7 is a block diagram

of the logic. As can be seen, the circuitry has three major input interfaces:

data from the Group Modules; clocking and control signals from the Timing

Modules; and the local telemetry data. A one-of-fourteen multiplexer serves

as the heart of the combiner structure. The associated control signals simply

select the source which is to be switched into the supergrou- data stream; the

source may be either data or overhead information.

The bank of delay flip-ilops is used to delay the group data streams with

the resolution of the supergroup clock. The various delays are necessary to

cover all the supergroup formats specified in the DGM Design Plan.

The Group 1 telemetry register logic is used to strip off the overhead bits

in the Group 1 data stream (overhead channels 6 and 7) and to provide the

storage for these bits so that they may be forwarded in the supergroup data

strearr (overhead channels 5 and 6) during the following frane. Note that as

per the DG.M Performance Spec, this is done only for the non-RLGM formats.

.-he 1 .cal telemetry logic is used to reliably sample and store the 2 kHz
local telemetry signals so that it may be presented to the multiplexer for insertion
into t-e s'upergroup data stream . rhis circuitry employs an autophasing circuit

8-19
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which essentially locates the active edge of the sampling clock away from the

data transition times. A telemetry loop-back switch has also been incorporated

into this logic per DGM POD No. 22A.

The following points are tested for BITE on the Supergroup B Module:

Combined Supergroup Data Out

Supergroup Half-rate Clock

8 kHz Local Telemetry Clock

8.3.5 MICROCONTROLLER MODULE

The Microcontroller Module, which performs the framing algorithm, is

basically an eight bit machine. A microcontroller was selected primarily be-

cause of its ability to perform random logic most efficiently, particularly where

a number of circuits require the same random logic to be performed. As a result,

the microcontroller can perform this logic for all inputs on the time-shared basis,

and thus utilize the basic speed capabilities of the present day TTL devices to

minimize the hardware required.

A number of other considerations were traded off in determing the ap-

proach to design. An individual synchronizer circuit for each group input would

have increased the hardware considerably, along with dissipation, since it would

not be time-shared. If one time-shares any sort of logic and desires some de-

gree of flexibility in order to implement changes in algorithms one basically

must come to using the microcontrol apprcach, prlmarily because of its great

flexibility and availability of devices to perform the task in this manner. The

microprocessor described is a bipolar device. Some slower speed, higher den-

sity, lower dissipation, MOS devices were considered, However, they have

slow in.truction times (microseconds), and an order of magnitude more time

is r-quired to perform the same operations. As a result, there would be insuffi-

cient time to service all interrupts and the circuitry would be inadequate to per-

form the task at hand.

Figure 8- 8 shows a block diagram of the microcontroller module. The

microcontroller is an eight bit machine operating at a 400 nanosecond minimum

cycle time. In considering the requirements of this microcontroller, one must

first consider the 'ask at hand. The maximum frame rate is 4 kb/s. A frame

8-21
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sample bit may occur every 250 microseconds. During this 250 microseconds,
the synchronization algorithm must be run for each of the group inputs and for the

supergroup input, or a total of five synchronization programs. This allows ap-
proximately 50 microseconds for each program. With a cycle time of approxi-

mately 400 to 500 nanoseconds, some 100 instructions may be done within this

period of time. The number of instructions required for each test of the frame

bit is estimated at about 75 to 80 instructions maximum. As a result, with the

400 ns cycle time, there is sufficient time to do all five programs within the

250 microseconds.

The total program length for the framing algorithm is presently estimated

at approximately 300 words. As a reqult, a control memory with 512 words is

more than adequate for the task at hand. In addition, a total of about 95 words

of storage in RAM are required to store the present program variables and

addresses.

Another input to the priority interrupt circuits will be that of a 500 Hz pulse

from the timing module which will allow for real time time-out functions. Shown

on the diagram is an eight bit MAR and I/O address register. Through this

register, the microcontroller will address individual modules on a four bit ad-

dress bus. An eight bit output data bus and an eight bit input bus will interface

with the modules to send instructions and receive data, respectively, from an

individual module. The outputs include: in sync indicators, search commands,

interrupt serviced, TED resync command and reset command. The microcon-

troller also outputs a load pulse to load the individual addressed module at the

other end with the instruction. In addition, it has the capability of outputting

a strobe pulse which turns the individual module on for transmission of signals

to the microcontroller on the input bus. These include: the frame sample bit,

data zero, TED resync achieved, frame inhibit and delayed frame search.

BITE is accomplished by use of a flip-flop addressed by the MSB of the

address bus and cleared by data on the output bus via the firmware after having

been asynchronously set.

8.3.6 TIMING MODULE

The timing circuits module generates all timing and clock pulses

required in common for all the other modules. Figure 8-9 show s a

8-23
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block diagram of the timing circuits. The basic clock generation is derived

from a phase locked loop which obtained its input from one of three sources.

The sources are either group one timing, station clock or the receive supergroup

timing. The phase locked loop is a standard design where the input referenre

clock is divided down and compared with the divided down VCO output in a phase

detector and used to control the VCO. The VCO output will be either 4. 096 MHz

or 4. 608 MHz as determined by the respective class of input rates. In the case

where the station clock or receive supergroup timing is at 4 MHz, the divide by

M and N will be adjusted accordingly so as to produce the same 4 MHz output.

In addition, 4 MHz output is desired so as to obtain a 2 MHz clock for the

microporcessor regardless of the group or supergroup rate. The values of

NI and N are controlled by a PROM whose input is determined by the output

rate required.

The output of the VCO is then divided by a constnat which is also a

function of the output rate so as to obtain the appropriate output rate timing to

drive all the coding logic required. This output rate drives the frame bit

counter which provides the prime reference to which each of the individual group

modules must delay the input of the group so as to line up the frame. In addition,

the output rate will be counted down to 2 kHz which is the minirrum framing rate

required for the system. Outputs of this 12 bit counter will drive the decoding

logic, which in conjunction with frame format and frame rate inputs, will derive

all the miscellaneous clock and framing pulses required for the system. In addi-

tion, the decoding logic also supplies the supergroup multiplexer select address

\vhich again is a function of the frame format.

a. The 500 Hz signal is monitored to check the frame counter

chain down through the module 4 counter which is used to generate the suppressed

frame pattern.

b. An output of the register which clocks the SG data MUX control

lines is monitored, thus providing some indication that the format counter and

SG Timing ROM are operational.

c. A single output of the Overhead Control ROM provides a check on

This ROM as well as the timing circuitry which addresses it.
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8.3.7 BITE Module

The TGM utilizes the standard DGM BITE module programmed to do (
fault diagnostics on the above mentioned modules. A description of this module

appears in Section 20. The points monitored on each module are described in

the module discussions.

8.3.8 EMI

The group and supergroup side signal lines into and out of this device are

balanced per paragraph 2.7. This interface relies on balance as its primary

means of EMI suppression. The external cables connected here are shielded

twisted pair, such as RG-108, so a high degree of suppression can be maintained.

There is a wide range of bit rates on these lines, from 72 to 4308 kb/s, and wave-

shaping suitable for the highest rate would be ineffective at the lowest. There

are auxiliary signals for orderwire and telemetry that are balanced per para-

graph 2. 7. These use waveshaping and are carried externally in multipair

cable. The full duplex telemetry channel has a rate of 2 kb/s. There is a

station clock line which will be balanced for TEMPEST reasons and a floating (
alarm line which appears as a balanced line. All the above equipment side signals

are digital and have the basic (sinx/x) 2 spectral shape.

The power line has a single EMI filter specified for dc, 50 Hz, 60 Hz,

and 400 Hz making it larger than a conventional filter, but smaller than two

filters. The power line filter has an integral power line connector which

gives far better filter performance as installed on the unit and saves additional

space.

8.3.9 HIFE

The TGM design incorporates the requirements of MIL-STD-1472 to the

maximum extent possible, consistent with operational requirements and physical

design limitations imposed by T'F-Bl-2202-0013 performance specification.

Initial setup controls required to configure the equipment to system re-

quirernents are incorporated onto the accessible edge of the PCB's. These

controls are protected by the front panel cover. The setup controls located

on the front panel are screwdriver adjustable. The unit BITE control and

alarm are positioned for rapid recognition and case of identification.

8-26
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Connectors arc located on the rear of the case and wvill be positioned

to ensure maximum accesc ' olity.

Figures 8-10 and S-il show layouts for the front and rear of the

TGM.

8. 3. 10 RE LIABILITY DESIGN

The TOM has a specified MITBF of 5000 hours. This is equivalent to

200 failures in 10 6hours. The reliability prediction and the demonstrated

results are summarized in Table 8-5.

TABLE 8-5

TOM RELIABILITY

Specified P-edicted Demonstrated
N4TAF Mlrs) NITBi" (H-rs) MTBF (Firs)

5000 b2 7 15, 500

Ik
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SECTION 9

MASTER GROUP MULTIPLEXER

9.1 DESIGN GOALS AND REQUIREMENTS

The Master Group Multiplexer (MGM) provides versatile digital transmis-

sion capability by asynchronous combining of up to 12 group or supergroup inputs

iinto a mastergroup output, and decombining of a mastergroup input into its con-

stituent groups and supergroups. The MGM operates asynchronously in that it is

capable of accepting inputs which have not been slaved to a single timing source.

' a.2l supergruup inputs (data and tining) range from 0. 072 to 4. 9152 Mb/s

with a maximum aggregate input rate of 18. 432 Mb/s when the output mastergroup

rate is 18. 720 Mb/s, or a maximum aggregate infet rate of 9.216 Mb's when

'he output inastergroup rate is 9. 360 Mb/s.

The MGM will allow inputs irt any combination subject to the aggregate

traffic limit. In addition the MGM will accept most permutations of any possible

input rate combination.

Two digital orderwire channels are provided in the MGM. Both channels

are bit synchronous to the niultiplk -er clock and each may operate aL 16 or

32 kb/s, switch selectable.

Transmit multiplex timing for the MGM is obtained from:

a. External station clock at 32 kHz or 16 kHz

b. Receive mastergroup timing

c. Internal clock with stability of not less than 5 ppm

The \ICM is capable of accepting a control signal which when set inhibits frame

search on the receive mastergroup.

An input/output diagram of the MGM is shown in Figure 9-1.

A summary of electrical desigo requirements is given in Table 9-1.

-able ?-1, lists the nominal group rates. Table 9-1b lists the characteristics

of the balanced digital interface for the group, mastergroup, and orderwi-e

sigrnals.

9-1
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TABLE 9 1

MGM REQUIREMENTS

Mastergroup Rate 18. 720 Mb/s or 9. 360 Mb/s; operator
selectable

Mastergroup Inierface Balanced NRZ and timing

Number of Groups Up to 12 separate groups, not slaved to

single timing source

Group Rate 72 kb/s to 4915.2 kb/s as showninTable 9-lA

Group Interface Balanced NRZ and Timing

Group Throughput Total aggregate bit rate of all groups not to
exceed 18.432 Mb/s (9.216 Mb/s) at 18. 720
Mb/s (9. 360 Mb/s) rnastergroup rate.

Bit Ptuffing Maintain bit count integrity for not less than
24 hours for input bit streams having a stabi-
lity of 3 x 10 - 5 in a 0. 1% BER random error
environ -nent.

Timing Transmit timing fron-i station clock at 16/32
kHz, receive -nastergroup, or internal
clock at 5 ppm stability,

Framing Acquire within 20 millisecond- with 0.9
probability in 0. 1% BER random errors.
Maintain for not less than 24 hours with mini-
mum probability of 0.9 in 0. 1% BER random
errors. Detect frame loss within 100 milli-
seconds with minimum probability of 0. 9.
Inhibit frame search upon external command.

'I ternetry Orderwire 16/32 kb/s synchronous balanced NRZ and
tuiln ing

Voice Orderwire 16/32 kb/s synchronous balanced NRZ

BITE Locates equipment faults to a replaceable
suba s s ernbly.

MTBF 4000 hours

Power 120 Vac, 50 to 400 Hz, or 28 Vdc Battery,
100 watts input

Size 141 H x 12" D x 19" Rack Mount

Weight 20 Kg

LI.,
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TABLE 9-la

MGM NOMINAL GROUP RATE INPUTS (KHZ)

72 1024.0

128 1152.0
144 1536.0
256 2048.0
238 2304,0
512 4096.0*
576 4608. 0*

4915.2*

The MGM does not operate with these group rate inputs for
low rate mastergroup (9. 36 1vib/s) operation.

TABLE 9-lb

BALANCED DIGITAL INTERFACE SIGNAL CHARACTERISTICS

Driver Characteristics

Minimum Line-to-Line +87 mV for digital "1", -87 mV for digital "0"
Voltage measured at end of 100 feet of RG-108 cable,

terminated in 100 ohms. Voltages balanced to
+10%.

Maximum Output Voltage +3 volts either line-to-ground.
+4 volts line-to-line into 100 ohms.

Rise and Fall Times Masteroroup: 8 ns maximum
Group: 30 ns maximum
Orderwire: 270 ns maximum

Clock Half bit interval with following tolerance:

Mastergroup: F4 ns
Group: +15 ns
Orderwire: +120 ns

Clock/Data Phasing Negative to positive clock transition is followed
by data transition. Allowable delays are:

Mastergroup: 8 ns
Group: r29 ns
Orderwire: 4-240 ns

Receiver Characteristics

Sensitivity 50 m V.

Impedance 100 ohms +10% line-to-line.

L19-3
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GROUP SIDE MASTERGROUP SIDE

NO OF GROUPS STATION CLOCK

I TO 12
FRAME INHIBIT

BIT RATE 18. 720 MB/S
72 TO 4915. 2 KB S

OR 9.360 MB/S
MOUAO BALANCED NRZ AND TIMINGi ~MODULATION J .

BALANCED NRZ
AND TIMING [LOCAL POWER

TELEMETRY

ORDERWIRE
16, 32 KB/S

DIGITAL
VOICE ORDERWIRE

Figure 9-1. MGM Input/Output Diagram

9.2 DESIGN APPROACH

?.2. 1 ASYNCHRONOUS COMBINING

The MGM processes group or supergroup inputs which are not slaved

to a single timing source. Hence, data to be multiplexed must first be justified

,x ,th respect to the multiplexer clock by the addition or deletion of bits before

being synchronously interleaved. Positive justification or pulse-stuffing

synchronization results when input data is brought into synchronization by the

a rldtion of bits. Negative justification or pulse spillng results when the input

data is brought into synchronization by the deletion of bits. A combination of

positive and negative justification can be employed to synchronize an incoming

data stream at a rate equal to its nominal value.

The locations of the stuff bits and/or the locations and values of the

Dllled bit& must be signalled to the demultiplexer , ia an overhead channel in

c-ler tu properly reconstitute the demultiplexed channel. Special care must be

9-4
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exercised in signalling a stuff or spill because an error in decoding this informa-

tion will violate the bit count integrity of the associated channel. Hence, this

information is redundantly coded to provide a known level of protection over a

specified time interval in a specified error environment. The identity of the

channel being justified is determined by the location of the signalling message

with respect to a framing signal.

The elastic store is the hardware n'e:hanism by which an incoming bit

stream is rate justified. It serves as a buffer between the incoming bit stream

and the transmission rate allotted by the multiplexer. If the incoming rate

is higher, then elastic store occupancy incieases by a bit or more until a bit can

be spilled into and conveyed by the overhead channel. A spill message must

first be signalled to the demultiplexer so that it can route the spill bit into the

outgoing channel bit stream at its correct location.

Conversely, if the incoming rate is low relative to th. transmission rate

allotted by the multiplexer set, then elastic store occupancy decreases by a bit

or more until the equipment allows a pre-arranged multiplex time slot to pass

wit out using a bit from the elastic store. The resulting bit thus transmitted

in the traffic channel has no information value and is denoted a stuff bit. The

demultiplexer must be signalled in advance via the overhead channel to reject

the stuff bit.

An elastic store is also required on the outgoing equipment group interface

to smoot' out the rate discontinuities at which data is read into the store. Data is

read into the store from both the traffic channel and from thp overhead channel.

Stuff bits conveyed via the traffic channel are not read into the buffer whereas

spill bits conveyed via the overhead channel are read in., Hence the read-in rate

tends to be somewhat irregular even though strict bit count integrity is maintained.

The function of the outgoing side store is to provide nearly uniform and, continuous

readou: o, the group data by using the occupancy of the buffer to control a VCXO in

a phase locked loop arrangement.

O- tne order of three bits must be allotted to t':- lastic stores for varia-

tions n occupany inherent in the technique of spilling and stuffing. Additional

factors are dependent on the overhead channel format, t,;e rr.ultiplex framie length,

tandez: =oeration, and the regularity of assigned ti:z.e ' to a partcular channel.

For L. c-,osen approach a store size of 8 bits appears adequate.

9_5
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9.2.2 MULTIPLEX FRAME

A most basic electrical characteristic of the MGM is its frame format.

This determines its traffic handling capability, both in total throughput rate and

flexibility of rate assignment, synchronization time, resistance to loss of bit

integrity, and the circuit complexity.

The first consideration regards rate multiplicity The frame length must

be such that each possible rate may be allotted an integer number of time slots

in the frame, to satisfy the requirement that the MGM accept inputs in any com-

bination subject to the aggregate traffic limit. The number 11700 is the smallest

frame length (at the high mastergroup rate) for which each of the possible input

rates can be allotted an integral n-lmber of bits in the frame. Table 9-2 lists

the number of times the number of required time slot assignments per frame for

each of the specified input rates.

TABLE 9-2

REQUIRFD BITS/FRAME FOR EACH INPUT RATE

Rate
Mb/s Required Bits/Frame @ 11700 Frame Length

18.72 M\4b/s 9.36 Mb/s

0.072 45 90

J 0. 128 80 160

0. 144 90 180

0. 256 160 3?0

0.288 180 360

0.512 320 640

0. 576 360 720

1.024 640 1280

1. 152 720 1440

1.536 960 1920

2.048 1280 2560

2. 304 1440 2880

4.096 2560

4.608 2380

4.9152 3072

o-6(
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Of the 11700 bits in a multiplex frame, 11520 are allotted to traffic chan-

nels (corresponding to an aggregate traffic rate of 18.432 Mb/s for a master-

group rate of 18. 720 Mb/s) and 180 are allotted to overhead. The overhead

must include voice orderwire and telemetry orderwire (each of which require

an allotment of 40 bits to provide 32 kb/s at the low mastergroup rate), stuff/

spill indicator words and spill bit location for one or more channels, and fram-

ing bits.

The stuff/spill or justification messages employ signalling in which the

position of the signalling code relative to a frame code provides an indication of

the channel being justified. Since there are up to 12 channels to be multiplexed,

12 separate locations must be periodically identified. In the selected format six

justification messages are located in every multiplex frame. The term "major

frame" or "control channel frame" is used to designate two multiplex frames.

Thus, the signalling format repeats once, and the traffic format twice every

major frame.

It is also convenient to divide the 11700 bit multiplex frame into nine equal

length blocks. Each 1300 bit block allots 1280 bits to traffic channels and 20 bits

to overhead. Regardless of the mix of input rates, the data formats will repeat

every nine blocks, or one multiplex frame.

9.2.3 OVERHEAD FORMAT

The rationale for the selection of the overhead format is discussed in this

section. The traffic channel interleaving arrangement is presented in the next

section.

Details of the arrangement , the 1300-bit blocks which comprise the

11700 bit multiplex frame are shown in Figure 9-2. The nine blocks in each

multiplex frame are transmitted in the order 1, 2, 3 ...... , 9, 1, 2, ....

Transmission of two multiplex frames, odd and even, comprises a major frame.

The 20 overhead bits of blocks I through 8 contain a 10 bit stuff/spill indi-

cator word, a five bit digital voice orderwire word (VOW), and a five bit tele-

rnetry erderwire word (TOW). 'lhe stuff/spill words serve two functions. During

9-7
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equipment frame-in the ten bit code or its complement is us d to acquire block

synchronization. Thereafter, seven bits of the stuff/spill word are majority de-

coded to indicate whether a stuff or spill has been signalled. With regard to spill

bits, note tnat only the spill indicator message, i. e., information that a spill will

occur in the future, is signalled in these blocks. The actual spill bits, if any,

are signalled in block nine. Stuff/spill indicator words for six channels are sig-

nalled in each multiplex frame. The indicator words for channel one are sig-

nalled sequentially in blocks one through six for odd multiplex frames. The

indicator words for channels 7 through 12 are signalled in blocks one through six

for even multiplex frames.

The VOW and TOW bit allotment provides a 16/32 kb/s capability for both

channels at the high or low mastergroup rate. Thus, at the high mastergroup

rate only alternate even numbered blocks 2, 4, 6, 8 will contain valid VOW or

TOW data words when the corresponding orderwire channel operates at 32 kb/s.

An orderwire channel at 16 kb/s will utilize blocks four and eight. At the low

mastergroup rate a 32 kU/s orderwire channel will utilize all its allotted time

slots in blocks one through eight, and a 16 kb/s channel will utilize alternate

even numbered blocks 2, 4, 6, 8.

The overhead segment of block nine differs in format from the other blocks.

It begins with a ten bit multiplex frame code which is complemented in alternate

4multiplex frames. Bits 11 through 14 are not used. Bits 15 through 20 are spill

bit slots. Bit 15 is the spill bit slot for channel one in odd multiplex frames, and

is the spill bit slot for channel seven in even multiplex frames; etc. Figure 9 .2

also indicates the logical location of bits deleted by the multiplexer (spill bits)

which are to be reinserted by the demultiplexer. All spills for a given multiplex

frame are executed simultaneously at the end of block nine at a time when no

readout occurs at any c'&annel buffer. This event occurs once per multiplex frame

and is uscd to define the end of block nine. This procedure is used because it

limits the maximum required operating speed of any channel elastic store to (
approximately 10 M.b/s., Any stuff bits signalled in blocks one through six are

also located in block nine. The stuff bit is the first occurrence of that channel

in the following block"
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Stuff, spill, and multiplex frame patterns are based on a ten bit Williard code

as shown below. In each case the right-most bit is transmitted first.

STF: 0 0 00 1 1 1 0 1 1

SPL: 1 1 1 1 0 O0 1 0 0

MFC: 1101110000

MFC: 0 0 1 0 0 0 1 1 1 1

9. 2. 3. 1 Permissible Rate Variations

Per specification, input rates may differ from nominal by +30 parts per

million (ppm). In addition, the internal clock of the MGM has a stability of

4 5 ppm.

The permissible rate variation between the multiplexer timing and that of

the channel inputs is determined by the nvmber of justification (stuff/spill) oppor-

tunities available to each channel per unit of time. The overhead channel described

above provides one justification opportunity per channel in each major frame (two

multiplex frames).

The multiplex frame rate at the low mastergroup rate is 800 frames/sec.

thus the minimum signalling rate per input channel is 400 Hz. This is 81 ppm

of the highest input rate (4915.2 kb/s) and hence is fully adequate to meet stuff/

spill demands, i.e., +81 ppm capacity versus +30 ppm maximum input deviation

from nominal for the input data and +5 ppm permissible mastcrgroup clock offset.

9. 2. 3. 2 Bit Count Integrity

Per specification, bit count integrity (BCI) is to be maintained for not less

than 24 hours in an error environment of 0. 1 percent BER random errors.

Maintenance of BCI depends on correctly decoding the stuff/.pill indicator

words in the overhead channel. Seven bits of the 10 bit stuff/spill indicator words

are decoded to determine if a stuff or spill is being signaled. If an indicator word

is incorrectly decoded then BCI for the associated channel will be lost. At a 10 - 3 ,

error rate the probability of incorrect decoding (four or more errors in the se en

bit , ordl, is 3. 5 x 10 The signalling ratc per input channel at the high intee-

roup rate is 800 per second.

o-I0
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Hence, the mean time to loss of BCI per input is on the order of:

1 trials 11~ tri ls1 714 10l ' sec. /tfailure
3.5 x 10- failure 800 trials/sec.

The probability distribution of this event can reasonably be asssumed to be

Poisson. Hence it is of the form l-ex/m where X the desired observation

time ,24 hours or 8.64 x 104 sec. ) and m = 3. 5714 x 107. The probability of

losing BCI over a 24-hour interval is then:

X 8.64 x 104

M 3. 5714 x 107

Hence the probability of maintaining BCI over a 24-hour interval is 0. 9975.

9.2. 3. 3 Framing

The framing specification for the MGM requires that frame )e (i cluired

within 20 milliseconds, with a minimum probability of 0. 9, and he 11).1 intained

for not less than 24 hours with a minimum probability of 0.9, in an ,error envir-

onmnent of 0. 1 percent BER random errors. Loss of frame is to I)( ,1.t,( ted

vithin 100 milliseconds with a minimum probability of 0. 9.

The choice of codes should be such that it tends to miiningiz,.( ,ow probability

of false sync indication when part of the code is in the frame syn( dt,.ctor.

Williard codes are optimumn synchronization codes in this sensb( .indj ;tr, used

for stuff, spill, and multiplex frame codes (MFC).

The framing process utilizes the stuff/spill words in bo(-, ;j'nd the

multiplex frame code or its complement in bloch( 9. To establ: ;f,,., a de -

tector attempts to define a frame in the incoming mastergroup ' -',.n by

taking samples from the stream and comparing the -aniples.- - ',ahle

fran.e pattern. The frame detector during acquisition fr(( E -. - ame

pattern the stuff or spill code, or Ohe multiplex frame (o-d- r -- . ('nt.
the probability of a random data sample matching an , ( '. - Ja rn

on any such trial is then 4 x ('-1

9-l]
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When sucl, a ten bit pattern matches an acceptable frame code, then a block
:r L-ne counter is released and the candidate framei is tested again one block later.

-en consecitive samvples match, the detector locks. In addition, wheni the MFG

MI EC is detecled. then a multiplex frame counter is appropriately set. This

IIl decrease the overall frame-in time because as block frame is established,
m-'Itiplex frame istested at least once.

A Rlomw chart of the framing process is shown in Figure 9-3.

We may now define the following pa ramete rs:

N = number of bits between framing patternis =1300

II riunbe r of test. required to achieve lock =10

Pf = probability of a random data sample miatching an acceptable

frame~ code 0. 003906

Qf = I - Pf =0. 9960937

P e= Probability of error in the frame code bit = 0-
P probability of error in the frame code *ord sample = - (0. 991))0

= 0. 0t0155

d = delay to next test after an acceptable sample = 1300 bits

b = delay to nex~t test after an unacceptable sample = I bitk

I ock -in time depends on hiow many bits, 1K, one starts from the fra me

Soc"Ation. A minimurn of b-K bits is required to shi ft thirough the frame; the rnth

te 't wvill be passod a (Il- I1 bits latt r. Thils a minimlum of a( m- 1 ) 1b x 1K bits

required to a chie\ e lock. A practicail upper bound on the time to lock is

O')ta ile(1 by sotting 1K to its mla ximumII (1KIX 11 - 1 1 200 and e\ alua ting

t-." Innnimuivi del.' -pls they mea n plus three time, the dleviation. This con-

,or i~ativ ely establishes the frame -in timek with probabilit\y of 0. 05 . The mean

v!"' deviation are evaluiated from a flow L raph lvis of tle framling p ro' e s s

\:11111il Delav 1\1 DlY a1(t - 1) 1bIK hits

It, N Ka Pty bits

1)V V K 2 K.1 Q it sK 9-12
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FRAME-IN MDLY + MEAN + 3DEV evaluated at K = n-i.

Substituting in numerical values:

MDLY = 129901 X1 = 71. 5, MEAN = 6622 and DEV = 3097

The Frame-in then equals 2. 8912 x 104 bits which at the low mastergroup

rate of 9. 36 mb/s requires 3. 09 milliseconds. This is the time to establish

block frame. During that time there is at least one sample of the multiplex

frame code (MFC or MFC). If we require an. additional seven samples to verify

the MFC, then at the low mastergroup rate an additional 7 x 1. 25 = 8.75 milli-

seconds are required. The total frame-in time is then 11. 84 milliseconds.

Once frame has been acquired, the multiplex frame code is monitored to

detect loss of frame. A straightforward scheme is to count the number of times

that the frame code is received in error in some sample of N occurrences of

the frame code. If this number equals or exceeds a threshold, then loss of frame

is declared. A convenient sample size is N=16. The probability that in 16 trials,

we will not receive 11 or more successful frame code indications in a bit error

environment of 10 - 3 is less than 10 - 9

The mean time for an error indication at the high mastergroup rate is then:

m 1 trials 11700 bits 1 x 106 sec.-

109 failures frame 18. 72 bit

x 16 frar-es
trial

m 107 sec. /failure

The probability of losing frame over a 24-hour interval (8. 64 x 10 4 sec.

.s then 8.64 x 104/107 = 0.00864.

Hence, the probability of maintainin, frame sync over a 24-hour interval

at 10 bit error rate is 0.991.
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On the other hand, when frame is truly lost, the probability that the "frame

code" is in error is 7/8 so that simulating the frame code in 11 or more of 16

trials has a low probability. Loss of frame can then be detected within 8 milli-

seconds, i.e., frame loss happens during one 4 millisecond test interval and is

detected during the next test interval.

9.2.4 INTERLEAVING ARRANGEMENT

The MGM in its combining function must interleave bits from up to 12 input

channels. Each channel may have any one of 15 pre-designated rates (12 at the

lowmastergroup rate)subject to the restriction that the sum of the input rates may

not exceed 18. 432 Mb/s for the 18. 72 Mb/s output rate or 9.216 Mb/s for the 9.36

Mb/s output rate.

The number of appearances required by each rate in each multiplex frame

of 11700 bits is determined by the frame rate of 1600 per second at the 18.72

Mb/s output rate and 800 per second at the 9. 36 Mb/s output rate. These num-

bers are shown in Table 9-2. We might also note that the number of appearances

per block of 1300 bits is not necessarily an integer number. For example, at the

high mastergroup rate an input at 4. 096 Mb/s requires 2560 bits in the frame or

an average of 284 4/9 bits/block. Some blocks will have 284 bits and others will

have 285 in the ratio 5/9 and 4/9, respectively.

Requirements for the interleaving scheme are:

a. The interleaving scheme must result n t channel assignment

for every time slot in the multiolex frame. The "channel' may, in fact, be the

overhead channel, or the null channel. The latter are filler bits which repre-

sents no channel and exist because the aggregate traffic rate may exceed the

sum of the input rates that have been assigned to each channel. Filler bits

simply make up for the excess bit capacity of the output when it is not fully

utilized by the assigned rates.

b. Interleaving should result in a repetetive data pattern in each

multiplex frame.

9-15
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c. interleaving should result in as uniform a distributicn of bits

from each channel within a block as is possible. This simplifies timing recovery

and minimizes the size of the channel elastic store.

d. Interleaving should be simple to implement and require little

power.

One approach to multiplex time slot assignment is to compute the inter-

leaving fornmat for a desired rate assignment and store it in random access

menicry (RAM) for subsequent use during multiplexing and demnultiplexing.

Several schemes were develo?-ed which allow easy computation of the required

time slots to be assigned each channel and provide a reasonably uniform distri-
bution oi tne time slots assigned to any channel.

The problems with this approach are the required RAM size, its operating

speed, and its power consumption. A straightforward allocation requires a
11700 x 4 bit RAM for both the multiplexer and the demultiplexer. That is, each

of the 11700 time slots in the multiplex frame be allotted a four bit channel add-

ress. if data assembly is serial bit-by-bit, then this memory must be accessible

at a 16. 72 Mb/s rate. Only ECL RAM's such as the 256 x I bit SN10144 have

access times commensurate with the high mastergroup rate. Each format mem-

ory would require 184 of these devices and dissipate 96 watts.

The required RAM access rate could be reduced by accessing the channel

address for a number of time slots simultaneously. If we were to access four

channel addresses in parallel, the memory organization wou.ld be 11700
4

x (4 x 4). The access rate would then be under 5 MHz so that 1024 x 1 bit

RAM devices could be used. Each format memory would then require 48 stor-

age devices and dissipate on the order of 28 watts.

Considering the required power, the cbove approach is only Feasible if the

frame can be made shorter, and data assembled in multi-bit packets. The frame

can olv be made shorter if some channel rates are synchronously rate converted

to a rate such that the required number of bits/frame for the entire amended

rate far-ily 's divisible by a common integer.

Q- I((
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For example, with reference to Table 9-2, one may note that with three

exceptions, at the high mastergroup rate, the required number of bits/frame are

each divisible by eight. The three exceptions are the rates 0. 288, 0. 144, and

0. 072 Mb/s. Suppose the multiplex frame length were reduced by a factor of

four to 2925 bits and data assembled in four bit packets. Two 1024 x 4 bit for-

mat RAM's would then be required. Each need be iccessible at just under 5 MHz

and would require about 2. 5 watts. From the standpoint of format memory

power consumption, this is a desirable approach. There are, however, some

cisadvantages and penalties.

a. With respect to the rate exceptions the 0. 288 Mb/s rate can be

treated as though it were 0. 384 Mb/s by reading in a three bit word into the

channel elastic store ard reading out a four bit word at a rate commensurate

with 0. 384 Mb/s. Every four bit output word will then have one filler bit in a

fixed location due to the synchronous rate conversion. The 0. 144 Mb/s rate can

be processed in an identical manner by treating it as though it were 0. 192 Mb/s.

Thei - is no similar easy way to handle the 0. 72 Mb/s rate for the high rate

rnastergroup case; hence, it would be an allowable input only for the low rate

mastergroup. Hence, these rate exceptions restrict flexibility of rate assign-

ment in the MGM. At the high mastergroup rate 0. 072 Mb/s would not be an

allowable input, each occurrence of 0.288 Mb/s would reduce the allowable ag-

gregate traffic rate by 0.096 Mb/s, and each occurrence of 0. 144 Mb/s would

reduce the allowable aggregate rate by 0. 048 Mb/s.

b. The chanrel elastic stores increase in complexity in order to

format a four bit data packet. The extent of this increase may be a doubling for

that portion of the channel circuit which directly concerns the elastic stores. In

addition, if data is assembled in four bit packets, it may also be necessary to

perform stuffs and spills in four bit packets. This, in turn, makes timing

smoothing on the receive side more difficult.

The above mentioned disadvantages associated with a feasible size format
memory led to consideration of dynamic allocation of multiplex time slots to the
various channels. In this approach, we synthesize the precise nominal required

9-17
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readout rate, synchronous to the mastergroup clock, as shown in Figure 9-4.

A scanner clock equal to the aggregate traffic rate is generated by deleting four

consecutive mastergroup clock pulses in every group of 260. The scanner clock

is then divided down as shown to generate a full complement of possible read-out

rates. In some cases the divider modulus is varied repetitively to obtain a non-

integer divider. For example the 18. 432 MHZ scanner clock is divided by 3 for

one cycle followed by three cycles of divide by 4 to obtain the 4. 9152 MHZ rate..

The selected readout rate for each channel is routed to a priority scanner circuit

which operates at the maximum allowable aggregate input rate (18. 432 or 9.216

Mb/s).

In the priority scanner circuic a particular channel is serviced when its

generated nominal readout (multiplex side) or read-in (demultiplex side) clock

makes a transition during a scanning intervai., Only one channel is serviced

during each scan interval. If two or more channels simultaneously demand

service, then the request at the lowest port number is given priority and other

requests remain pending. If no channel demands service during the scan inter-

val, then by default the null channel is "serviced" by the creation of a filter bit.

This is not a stuff bit and is automatically deleted by the demultiplexer as a

consequence of its inverse logic.
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Dynamic allocation of the multiplex time slots as described above is the

chosen approach because: t

a. No frame forma memory is required to store a channel address

for every time slot in the frame.

b. Time slots allocated to Aach channel on the basis of its rate re-

quirements are nearly uniformly distributed, within the constraints of higher rate

channels competing for a given time siot. However, the non-uniformity in the

readout clock spacing will not exceed one clock interval of the nominal readout

rate.

c. The channel elastic stores do not see the block asymmetry in the

multiplex frame format because the 1-riority scanner operates at the aggregate

traffic rate, not the mastergroup rate. This factor, coupled with the nearly

uniform distribution of store read-cut or read-in clocks, allows the channel

elastic stores to be of minimum size compared with other schiemes.

One disadvantage of this approach is the required operating speed, 18.432 (
Mb/s, of the scanner circuit. Multiple scanner circuits, each operating at a sub-

multiple of the 18. 432 Mb/s rate could be used if the resultant decrease in flexi-

bility of rate assignment were acceptable. (
9.2.5 RECEIVE CHANNEL, TIMING SMOOTHING

Receive channel timing smoothing follows the method presented in the pro-

posal wherein a detai' -d comparison of various timing recov.ery schemes was

presented. Figure 9-5 indicates the chosen approach. The timing synthesizer

uses a 4. 096 MHz +4? ppm voltage controlled crystal oscillator (VCXO) as a local

oscillator. The control voltage to the VCXO is a TTL logic level so that the

resultant output frequency is essentially at either of tw.%o frequencies:

4. 096 MLz + 47 ppm or 4. 096 MHz - 47 ppm.

The 4. 09c MHz output of the VCXO may be used directly for one of the required

rate fanilies. For the 4. 9152 MHz rate the VCXO output is mixed with the 9. 0j 12

MHz i-- and the difference frequency recovered in a crystal filter. The 4. 608

MNi. rate- :an-ily uses the 8. 704 MHz i-f mixed v/it- 1-e 4. cJ99 Mhz VCXO output

and a ec -d crystal filter. The VCXO or filter outp., :s a, plicd to a timing
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countdown chain and the appropriate output is used as the read out clock for the
channel buffer store. The occupancy of the buffer store is monitored in a phase

detector whose digital output drives the VCXO. Heterrdyning allows operation at
multiple :ates while also allowing the control oscillator to operate at essentially

one frequency. The frequency swing of the VCXO is wide enough to accommodate
the frequency tolerance of the group inputs and the mux clock and narrow enough

(because there is no overshoot) to feed crystal filter repeaters. Energy storage

in the oscillator tank prevents phase discontinuities; hence, the output phase is a

smooth function of time.

Elastic store occupancy changes of +3 bits might be expected due to stuffing

and spilling bits plus queueing of requests at the scanner logic. The time jitter of

the output data and clock will occur at a rate of approximately one bit per 104 bit

times with a peak-to-peak amplitude nearly equal to the peak-to-peak occupancy

swings in the elastic store. Therefore, Group Modems or CDM's connecting to

MGM channels must be operated with the MGM channel output clock not station

clock. The TGM can accept an MGM channel signal using the elastic store on

its inputs to absorb any jitter relative to station clock.

9,2.6 UNIT ORGANIZATION

Figures 9-6 and 9-7 illustrate the transmit and receive functional organiza-
tion of the MGM. Figure 9-8 indicates the unit organization in terms of its module

complement. The unit consists of channel circuits, common circuits (transmit

and receive), orderwire logic, BITE, and power supply.

Each channel card contains circuits for both the transmit and receive
functions. These include interface circuits, transmit and receive rate buffers,

receive timing smoothing, and rate selection. Input data and timing, interfaced

to TTL logic levels, from each channel card are routed to the BITE circuits

which monitor activity. As a typical BITE activity, the BITE circuits compares,

for each channel, the readout timing (transmit) with the incoming t-ming, -_nd

the rcad-in timing (receive) with the outgoing timing to check for agreement over

a test time interval.
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Transmit common circuits consist of a timing synthesizer, scanner con-

trolled data multiplex, overhead channel message composer, a 20 bi. high speed (
buffer, ccunter timing chains to define the 1300 bit block frame and nine block

multiplex frame, and driver interface circuits. The timing synthesizer gener-

ates all of the possible nominal readout rates which the channel circuits may

use. The scanner generates a repetitive sequence of addresses over a frame

interval based on the desired mix of traffic rates to control a data multiplexer.

The data multiplexer is operated at the aggregate traffic rate, 18.432 M /s

when the mastergroup rate is 18. 72 Mb/s, and feeds a 20 bit data buffer. This

buffer is in turn read-out at the mastergro,:p rate for 1280/1300 of each block

framne. Each time that the block frame counter teaches a count of 1280, the con-

tents of the data buffer is depleted and a 20 bit overhead word is read into the

output bit stream from the overhead channel formatter. Meanwhile data con-

tinues to enter the data buffer and when the block frame counter reaches its ter-

minal count of 1300, data is again read out of the buffer. The overhead channel

formnatter controls the insertion of frame coder, stuff/spill indicator words,

spill bits, and voice and telemetry orderwire information.

Inverse functions are performed by the demultiplex circuits after a frame

reference location has been determined by the framing circuits.

The channel readout rates generated on the transmit side are synchronous

to t-he mastergroup clock. Transmit mastergroup timing may originate fron, an

external station clock at 16/32 kHz, receive mastergroup timing cr an internal

clock. The readout clocks have a common transition precisely once per multi-

plex :rame and this event is used to reference the beginning of the 20 Bit over-

head segment of Block nine. Spili for any channels, as required, are performed,

simultaneously at that time. To insure that the receive scanner logic performs

the orecise inverse logic of thc t-ansmilt bcanner, the receive block and multi-

plex 'ming chains are used to reset the receive timing generator. All receive

no:--.aI read-in rates will then also have a common transition at the end of Block

nine. Consequently, all receive spill bits will be loaded into the receve channel

btftfer s,.multaneously at this time.
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Generally the BITE card receives inputs from all other cards in order

to evaluate operating status of the unit and aid in locating possible faults to a

single replaceable assembly.

Rate related channel assignment prograrnmirg for the transmit arid

receive sea ners is accomplished by the priority channel assignment logic.

Table 9-3 lists the controls and indicators for the MGM and Table 9-3A

lists the module format.

9.2.7 MGM PACKAGING DESIGN PROBLEMS

Based on the original requirements and the proposed circuit (unit design),

it is iimracti cal to package a 12 channel MGM into the standard 8. 5"1 size case.
In addition, the power dis 3ipated by the 12 channel unit would have resulted in

excessive air and junction temperatures in a standard case configuration and

size. These packaging and thermal problems and eventual solutions are dis-

cussed in the paragraphs below.

The MGM was estimated to dissipate 92 watts typically on its printed circuit

board (PCB) modules (see Table 9-4). The required input power is then 182 watts

when operated from 28 Vdc at an estimated power supply efficiency of 50 Percent,

when operated from 11 5 Vac at a power supply efficiency of 60 percent. If the
above estimate were instead based on the average of typical and maximum inte-

grated circuit power dissipations, then the indicated values would be increased

by approximately 28 percent to 118 watts dissipation by the PCB's, 197 watts

input for AC operation. An additional 5 watts is required to operate the fored

air fan. A thermal analysis contained in Section 15 illustrates that this amount

of heat cannot be handled in this case size in an ambient environment of 1-150 ,'

without forced air cooling.

Q,.2.7. 1 Solutions

The current design of the MGM has been configured in a 14 high by 1'"

deep by 14-1/4" wide case. The case has been divided into threc major tompart-

ments, i.e. , power supply, switch and fan chassis and PCB coipipa rtment (see

Figures 9-9 and 9-10).
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TABLE 9-3

MGM CONTROLS AND INDICATORS

Power Supply

On/Off Applies prime power to supply

LED (Green) ON if Power ON

Power out TOL ON if dc outputs out of tolerance. Push to test.

BITE

Summary Fault Front panel lamp ON for any fault except power
Lamp supply failure. Push-to-test.

Alarm Relays Rear connector contacts held open in normal opera-
tion.

S: Summary Fault
SA: Summary Fault, except Frame
FS: Frame Alarm

LED (Red) One on each PCB Module. LED is on for fault condi-

tion.

Switch Assembly

Rate Select Selects one of 15 group rates, or place in OFF posi-
tion if group module is not used.

Inhibit Set ON to inhbit group module BITE, and disable
outgoing group traffic.

Timing Control

MGM Rate Selects high or low mastergroup rate

EXT/INT Selects external timing or internal oscillator

STA CLOCK Selects external station clock. Clock rate "s strap
option.

Orderwire

TOW Rate Selects 16 or 32 kb/s Telemetry orderwire rate

VOW Rate Selects 16 or 32 kb/s Voice orderwire rate

9-28
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TABLE 9-3A

MGM MODULE FORMAT

MODULE POS. FUNCTION

FORMAT GEN Al Multiplexes Group and Overhead Data to format
the Master Group Data stream.

TRANS RATE GEN A2 Generates a scan clock and a full complement of
Group Rate Timing signals.

RATE SELECTOR A3,A20 Selects the transmit and receive channel rate
timing signals.

SCANNE, LOGIC A4,A5 Provides for the assignment of multiplexed time
A18,Al9 slots for each active traffic channel.

GRCUP LOGIC A6 Provides full duplex rate buffering for
thru asynchronous group signals.
A17

REC. RATE GEN A21 Cenerate the receive scan clock and a full
complement of group rate timing signals
synchronous to the master group clock.

FRAMING A22 Synchronizes the incoming master group bit stream
to the local multiplex block and frame counters.

MAkSTER GROUP REC. A23 Demultiplexes the received master group data
stream into constituent data channels.

ORDERWIRE
MUX / DEKJX A24 Provides two full duplex digital orderwire

channels operating at 16 or 32 KB/S.

BITE Monitors signals in and out of the MGM and

internal circuits.

9-29
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The power supply compartment is located above the PCB compartment.

Wiring to a.id from the PS is via feed through capacitors located in a vertical

wall which separates the PS and the switch/fan compartment. This wall has an

opening to allow air flow.

The fan/switch compartment (see Figure 9-11) is RFI/EMI isolated from

the external ambient via gasketed interfaces but is oren to the PCB compartment

to allow unimpeded air circulation. The MGM with its front panel in place, as is

normal operation, has an air opening across the PCB compartment with an air

filter cover. External air is drawn in thru this opening, circulated thru the case

and exhausted at the rear of the switch assembly.

The switch/fan chassis is designed as a separable subassembly containing

the Rate Selector switch assembly, its associated toggle switches, cable harness,

blower (Aximax 2H by Rotron) and its associated dc/ac power pack mounted to a

heat sink which protrudes through the back of the equipment case. InAerconnec-

tions from the assembly to the w/w plate is via rack and panel connector and

ha. ess.

9.2.8 EMI

The MGM has signal interfaces with other shelter mounted units. All the

traffic signals, groups, supergroups, and the mastergroups are balanced. This

interface relies on the balance as its primary means of EMI suppression. The

external cables connected here are shielded twisted pair, such as RE-108, so a

high degree of suppression can be maintained. There is a wide range of bit rates

on t.ese lines, groups, and supergroups from 72 to 4951.2 kb/s and mastergroup

o. 3- or 18. 72 Mb/s, and waveshaping suitable for the highest rate would be in-

effective at the lowest. Some waveshaping occurs as a result of limitations of

the logic used, especially in the mastergroup. There are auxiliary* signals

for orderwire and telemetry that are al3o balanced. These use waveshaping

and are carried externally in multi-pair cable. The full duplex telemetry

chanrnel and the orderwire channel have rates of 16 or 32 Kb/s. There is a

fioating alarm line which appears as a balanced line. All signals are digital

and have the basic (sin x/x)2 spectral shape.
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The power line has a single EMI filter specified for dc, 50 Hz, and 400

Hz. This makes it larger than a conventional filter, but smaller than two fil-

ters. The power line filter has an integral power line connector which gives far

better filter performance as installed on the unit and saves additional space. A

grounding terminal is provided on the back of the unit.

The logic families used here are low pc.wer Shottky TTL for the most

part to save power, and regular Schottky for the high-speed portions.

9. 2. 9 RELIABILITY DESIGN

The MGM has a specified MTBF of 4000 hours. This is equivalent to 250

failures in 106 hours. The reliability prediction and the demonstrated results

are summarized in Table 9-5.

TABLE 9-5

MGM RELIABILITY

Specified Predicted Demonstrated
MTBF (Hrs) MTBF (Hrs) MTBF (Hrs)

4000 4857 6800
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9.3 DETAILED DESIGN DESCRIPTIONS

9.3.1 GROUP LOGIC MODULE

A block diagram of the Group Logic Module is shown in Figure ?-12. This

module provides full duplex rate buffering for asynchronous group signals applied

to the multiplexer.

Input data and timing pass through interface circuits to enter an eight bit

buffer store. Rate equalization of incoming data is implemented by means of bit

stuffing and spilling technique. Data is read out of the buffer under common

circuit control so as to maintain the store occupancy near half full. The store

occupancy is monitored by applying the read-in and read-out timing to a phase

detector. The state of the occuparzy monitor is sampled and stored once per

major frame by the XSTROBE signal. The stored occupancy signal then con-

trols whether a stuff or spill indicator word will be signalled in that major

frame, and whether a spill or stuff will be executed in response to the SPILL

clock at the end of the major frame.

Buffered data from the store is applied to a common circuit data multi-

plexer which is under control of the scanner logic modules. The READOUT

clock, generated by the Scanner Logic, increments a readout counter in the

buffer which points to the next bit to be read out. The SPILL clock acts as just

another readout clock pulse if the stored occupancy signal indicates the need for

a spill (high occupancy). If the stored occupancy signal indicates the need for

a stuff (low occupancy) then the SPILL clock signal inhibits the next READOUT

clock pulse.

At the outgoing (receive) side data is again read into an eight bit buffer

store by the READ-IN clock signal. Over the course of a major frame a stuff or

spill indicator word is decoded. Decode of a stuff indicator word results in an
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RSTROBE pulse. This will inhibit the receive side SPILL clock from reading

SPILL DATA into the buffer and also inhibit the next READ-IN clock. If there

was no RSTROBE pulse then by default the SPILL clock will read in accompanying

SPILL DATA. In this manner a data bit is allowed to enter the receive buffer if,

and only if, it was originally part of the data stream applied to the multiplexer

side input.

Outgoing data is read out of the buffer under control of the timing smoothing

circuitry. A binary level control voltage based on the buffer occupancy is applied

to the 4. 096 MHz voltage controlled crystal oscillator (VCXO). The 4. 096 MHz

output of the VCXO may be used directly for one of the required rate families.

For the 4.9152 MHz rate the VCXO output is mixed with the 9. 0112 MHz i-f and

the difference frequency recovered in a crystal filter. The 4.608 MHz rate

family uses the 8. 704 MHz i-f mixed with the 4. 096 MHz VCXO output and a

second crystal filter. The VCXO or filter output is applied to a timing count-

down chain and the appropriate output is used as the readout clock for the buffer

store. The RATE SELECT input from the front panel switch assenibly controls

selection of the appropriate i-f signal, if required, and the divider output from

the timing countdown chain to produce the required read-out rate.

3. 3. 2 TRANSMIT RATE GENERATOR MODULE

The function of the Transmit Rate Generator Module is to provide switch

selectable outgoing (transmit) mastergroup timing: generate the transmit scanner

clock and from it a full complement of group rate timing signals synchronous to

.he multiplexer clock. Transmit mastergroup timing may originate from an

external station clock at 16 or 32 kHz, receive mastergroup timing at 18. 72 of

Q. 36 MHz, or internal oscillator with +5 parts per million stability. A block

diagram of the Transmit Rate Generator Module is shown in Figure 9-13.

There are two operating control switches on this module and provision

for one strap option. The CLOCi< MODE A switch selects mas'er or slave

ining reference for the outgoing mastergroup. If the Transmit Mastergroup

timing is referenced to an external source this switch must be set to the 'slave'

position. The CLOCK MODE B switch is used to select station clock or receive

n-astergroup timing as the external reference timing. The strap option for

9-39
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station clock selects 16 or 32 kHz mode. For any operating mode the voltage

controlled crystal oscillator (VCXO) ouput provides transmit mastergroup

timing, XMGTIM. An input logic signal, MGRATE, controls selection of high

or low mastergroup rate signals.

The 18. 72 MHz output of the VCXO drives the scan clock generator. The

scan clock generator produces a 18.432 MHz output synchronous to the 18.72

MHz input by deleting four consecutive input clock pulses in each count of 260.

In each multiplex block of 1300 bits the high speed scan clock will have five gaps

of four consecutive 18. 72 MHz clock pulses. The output of the scan clock genera-

tor is routed off card as XSCANCLK to drive the scanner modules. The scan

cl-ck generator also drives a set of timing dividers to produce the 15 group rate

timing signals.

The gap in the scan clock is a time when the associated Scanner Logic is

inactive. Hence the spill clock may be positioned within one of the scan clock

gaps. The gap is fear high speed time slots duration. The spill pulse may then

be positioned so that it is not immediately adjacent to the read-in or read-out

pulse applied to any Group Logic module. The spill generator produces a

spill pulse in block nine of the multiplex frame during the scan clock gap

immediately prior to the overhead interval.

The circuits of the Transmit Rate Generator are keyed to the multiplex

frame by a transition oil the input XARM signal which originates on the Format

Generator module. This produces a sync pulse which is nominally at the start

of the overhead interval in block nine of the multiplex frame.

9.3. 3 RATE SELECTOR MODULE

The Rate Selector module is used to select the appropriate group rate timing

signals under control of the multiplexer set front panel RATE SELECT switch

assembly for application to a set of Scanner modules. A block diagram of the

Rate Selector module is shown in Figure 9-14. Two identical modules are re-

quired, one to select the Transmit group rate timing signals and another for

receive timing.

9-41
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The addition of this common function card and the relocation of the Rate

Select switches allows a failed Group Logic module to be removed without affect-

ing other active groups.

9.3.4 SCANNER MODULE

The Scanner Module provides demand assignment of multiplex time slots

to each active traffic port on the basis of the nominal traffic rate applied to the

port input. The Scanner operates at the aggregate traffic rate, i.e., 18. 432

MHz for the high rate mastergroup A block diagram of the Scanner Logic is

shown in Figure 9-15.

---- 4

Figure 9-14. Rate Selector Block Diagram

The scanner can service one request for sf-rvice in each scan -lock inter-

v a1. A particular channel is serviced when its selected nominal channel rate timing

signal makes a transition during a scan clock interval. If two or more channels

sirnuttaneously demand seivice, then the request at the loweq.t port number is

given priority and other requests remain pending. This level of priority remains
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in effect so long as no input port has more than one request pending. When any

port has more than one request pending the level of priority is shifted so that

the lowest number port with more than one request pending is given highest

priority and serviced first. The scanner is insensitive to more than two pend-

ing requests. In addition, consecutive multiplex time slots cannot be assigned

to the same port number.

Each scanner logic PCB processes six traffic channels. In the 12-channel

MGM two identical scanner cards are required for the transmit function, and

another two identical scanner cards are required for the receive function.

Each of the six input timing rate signals are applied to six identical port

processing circuits which format a service request. The service request is

then steered to one or the other of two integrated circuit priority encoders

which, if enabled, generate the address of the lowest number active input.

The address is then decoded so that an appropriate signal can be fed back to

the port processor to terminate the request.

In order to study the operation of the scanner in detail, let us consider a

simplified three-channel scanner. A block diagram is shown in Figure 9-15.

If there are no double requests pending for any channel, then the double request

'1 priority encoder '"' output is low, and the address select mux will select 'he

two-bit address corresponding to the lowest numler active input. If, however,

there are any doublr requests pending, then the :double request priority encoder

'E' output is high and the address select mux will select the two-bit address

corresponding to the lowest numbe-" active input with a double request pending.

The "E'' output also disables the single request address decode circuit which

inhibits the servicing of any single requests.

Figure 9-16 is a graphical representation of how the scanner determines

the format in which the channels are multiplexed. Each channel's clock is re-
timed on the scanner card and negative-going transitions are represented by

arrows. Each arrow is a request for service. Channel 3 has the highest rate

and channel 1 has the lowest. Assume that there exists one scan dock interval

'%hen all Cave channels have a request for service. This occurs during time
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slot TO in the diagram. During this time slot, all three channels have a single

request pending. Channel 1 is the lowest numbered active port and is serviced

during time slot TI. Channels 2 and 3 still have single requests pending.

Channel 2 is serviced during time slot TZ. in time slot T3 channel 3 receives

another request for service. Channel 3 now has a double request pending and

since there are no lower numbered channels with double requests pending,

channel 3 is serviced and now has a single request pending. During time slot

T4, channel 3 is the only channel with a single request pending, but since no

channel may be serviced in two consectuvie time slots, an unused (dummy)

channel 4 is serviced. This dummy channel is also serviced during time slot

T18 when no channel has any requests pending.

As a second example, let us now consider two six-channel scanner cards

and see how certain rate combinations which do not exceed the maximum

aggregate rate will cause a scanner failure. Figure 9-17 illustrates this

failure. Notice that in time slot T6. channel 12 has a double request pending

which does not get serviced until timu slot T1Z because lower numbered chan-

nels 7 through 11 have their double request., serviced first. During time slot

T12 a failure occurs because as channel 12 is having its double request ser-

viced, a third request for service occurs. Since the scanner card has no (
way of storing this triple request, it is lost and channel 12 will only have a

single request pending instead of a double one.

9.3. 5 FORMAT GENERATOR MODULE

The Foi mat Generator module performs multiplexing and combining of

both traffic and overhead data to format the outgoing mastergroup data stream.

A blo, k diagram of the Format Generator module is shown in Figure 9-16.

Buffered data from the Group Logic modules is applied to a data multi-

plexer which interleaves data under control of the input scan address. The

latter is formed by the Scanner modules. The resultant aggregate traffic data

(
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stream at 18. 432 (9. 216) Mb/s is continuously read into a 20 bit buffer. This

data is read out of the buffer at 18.72 (9. 36) Mb,'s throughout the portion of the

multiplex frame allotted to traffic data, i.e., 1280 tine slots in each block of

1300 mastergroup time slots. During the remaining 20 bit overhead interval

of each multiplex block data is read from the overhead data format generator.

The traffic and overhead data combine to form the outgoing mastergroup bit

stream.

The input mastergroup timing (XMGCLOCK) drives a mod-1300 counter

which defines a multiplexer block. The last 20 bits of each block define the

overhead interval. The output of the multiplex block counter in turn drives

a mod-9 block counter which counts out the nine blocks of a multiplex frame.

The block nine output in turn toggles a flip-flop to define a major frame.

During the 20 bit overhead interval of each multiplex block the overhead

format logic assembles the appropriate 20 bit overhead block which is trans-

mitted as part of each 1300 bit multiplex block. The overhead block assembly is

under the combined control of the mod-1300 block :ounter, mod-9 frame (
counter, and major frame flip-flop. Overhead information to be assembled

varies from block to block and consists of:

* a. Multiplex frame code

b. Stuff or spill code for each of 12 groups

c. Spill data

d. Voice Orderwire Data (VOW)

e. Telemetry Orderwire Data (TOW)

The resultant overhead format is as shown in Figure 9-2.

Some timing and control signals are also generated on this module to

synchronize the operation of other modules. Occupancy strobe pulses are is-

sued to Group Logic modules which interrogate and latch the contents of the

transmit buffer occupancy monitor. The resultant information determines

whether a stuff or spill indicator word will be transmitted in a given block. The

spill pulse from the Transmit Rate Generator is also gated with the major frame
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flip-flop to form the common spill pulse for Groups 1-6 and another for Groups

7-12. The appropriate spill clock will then latch spill data into the overhead

format logic. The XARM signal transition is nominally produced at the start

of the overhead interval in Block 9 of the multiplex frame. This is used to key

the operation of the Transmit Rate Generator module to the multiplex frame.

The XBLOCK9 signal is also used by the Transmit Rate Generator to key the

placement of the spill pulse in the multiplex frame.

9.3.t) RECEIVE RATE GENERATOR MODULE

The function of the Receive Rate Generator module is to generate the re-

ceive scan clock and a full complement of group rate timing oignals synchronous

to the incoming mastergroup clock. Also located on this card are two tempera-

ture compensated crystal oscillators which operate at 9. 0112 MHz and 8. 704 MHz

tG provide the i-f signals for the Group Logic receive timing smoothing circuits.

A block diagram of the Receive Rate Generator is shown in Figure 9-18.

One operating control switch, MASTERGROUP RATE, is located on this

module. This selects a logic level used to control selection of low (9. 36 MHz)

or high (18.72 MHz) mastergroup rate.

The primary drive signal to this module is incorni±g mastergroup timing

at 18. 72 or 9. 36 MHz. The drive signal to the scan clock gene .ator must be at

18. 72 MHz. Hence for the low rate mastergroup the incoming mastergroup

timing is first doubled and then applied to the scan clock generator. The opera-

tion of the scan clock, sync and spill generators and timing countdown chain are

virtually identical to the circuits of the Transmit Rate Generator. In this case

the circuits of the Receive Rate Generator are keyed to the multiplex frame by a

transition on the input RARM signal which originates on the Framing module.

This transition nominally occurs at the end of the overhead interval in Block 9

of the multiplex frame. The receive spill ?ulse generator is keyed to a signal

transition on the Framing module produced at the start of Bloc.: 1 of the multi-

plex frame. This results in a spill pulse generated during the first scan clock

gap interval following multiplex Block 9.
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9.3.7 FRAMING MODULE

A block diagram of the Framing module is shown in Figure 9-19. This

module is used to synchronize the incoming mastergroup bit stream to the local

multiplex block and frame counters so that traffic and overhead data can be

identified and decombined.

incoming mastergroup data and timing, MGDATA and MGTIM, are inter-

faced to TTL logic levels and applied to a ten bit input shift register. The master-

group clock RECTIM and retimed data REGDATA are then routed off-card for use

by other modules. Gating at the shift register parallel outputs allows decoding

of error-free stuff (STF), spill (SPL), and multiplex frame (MFC, MFC)

codes which are used by the frame acquisition and maintenance control circuits.

In the initial frame acquisiion mode the mod-1300 multiplex block countel

is held at a state which allows each mastergroup time slot to be tested until a stuff,

spill, or multiplex frame code is detected. Upon detection of such a code the

mod- 1300 block counter is released to that the appropriate overhead channel time

slot can be tested again 1300 time slots later. Ten consecutive correct samples

are required for entry into the frame maintenance mode. In addition, when the

MFC or MFC is detected, then the mod-9 multiplex frame and mod-2 frame

( counters are released.

in the frame maintenance mode the multiplex codes (MFC and MFC) are

monitored to detect loss of frame. In every sample of 16 frames, 11 or more

successful frame code indications must be received to prevent re-entry into

the frame acquisition mode wherein search is allowed. A TTL compatible Frame

Search Inhibit signal can be applied to the module to squelch frame search. A

frame alarm relay dc closure is also routed off-card to signal loss of frame.

The parallel data outputs frcm the input ten bit shift register are also

strobed intc two latches by apropriate strobes from the multiplex block counter.

The Overhead Data Latch stores spill data bits and orderwire data words for the

Gruup Logic and Orderwire modules, respectively. Another latch and counter

perform a majority vote decode on the incoming stuff/spill indicator word. If

a stuff indicator is decoded, then a STFSTROBE signal is issued to the appro-

priate Group Logic module.
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Several timing and control signals a,-e also generated which synchronize

the operation of other modules. The RARM signal is produced at the end of the

overhead interval in Block 9 of the multiplex frame. This is used to key the

operation of the Receive Rate Generator to the multiplex frame. The Block 1

signal transition is also used by this module t. key the placement of the spill

pulse with respect to Fhe multiplex frame. The spill clock returned from the

Receive Rate Generator is then gated with the major frame flip-flop to form the

common spill pulse for Groups 1-6 and another for Groups 7-12. The OVER-

HEAD and RGATECLR signals are uset by the Receiver Mastergroup module to

control and synchronize operation of its traffic data buffer.

9.3.8 MASTERGROUP RECEIVE MODULE

The primary function of the mastergroup receive module is to demultiplex

the receive mastergroup data stream into its constituent data channels. This

card also contains speciali',ed BITE circuitry which monitors the performance

ot the equipment Scanner logic cards. A block diagram of the Masterg± ,n

Receive module is shown in Figure 9-20.

Receive masteroroup data and timing from the Framing module are applied

to a 20 bit aggregate data buffer. Data is read into the buffer throughout each 1300

b;t block except during the 20 bit overhead interval. An ovurhead gate signal

from the Framing module inhibits data read-in during the overhead interval.

Data is read out of the buffer throvghout each 1300 bit block by the receive scan

clock which originates on the Receive Rate Generator module. Identical receive

scan clock signals also drive the receive scanner logic modules which produce a

scan address during each scanner clo,': interval. The receive scan address

identifies the channel associated with the traffic bit currently being read out of

the buffer.

In the high rate mastergroup mode, the mastergroup clock is a :ontinuous

18.72 MHz whereas the scan clock averages 18, 432 MHz over a block inte-val.

The latter signal is derived from the mastergroup clock by deleting four adjacent

mastergroup clock pulses in every group of 260 mastergroup clock pulses. Over

each block interval of 1300 mastergroup time slots exactly 1280 traffic bits are

9-53
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read into the buffer and 1280 traffic bits are read out. However, with respect

to an 18.72 MHz timing referene, there is a 20 bit gap in the read-in of data

during the overhead interval, and five gaps of four time slots in the read-out

over a block interval; hence, the requirement for the 20 bit buffer. Similar

conditions apply for the low rate mastergroup mode.

Buffer read-in and read-out is synchronized after each overhead interval

by the RGATECLR signal which also originates on the Framing module. At the

end of an overhead interval, all data from the past block has been read-out of

the buffer. The first four bt data word of the new block is read into the buffer

four times slots after the en: of oN erhead. The first read-out trails the read-in

by one scan clock interval. This interval is four time slots wide because the

scan clock gap is positioned to that point in the frame. During each subsequent

scan clock gap, the buffer occupancy increases by four bits. The 20 bit accumu-

lation which has built up during the traffic interval of the block is then read-out

during the overhead interval during which time no data is read-in.

Data read-out of the buffer is then nominally delayed by one scan clock

interval to line up with the latched incoming scan address. The scan address

then steers the data into a corresponding channel data latch. This latched data

is then read into the corresponding Group Logic card by a read-in clock formed

on the scanner logic card.

As indicated in the blo &k diagram, this card also contains specialized

BITE circuitly which monitors each of the four equipment scanner logic cards.

Each input channel on a scanner card is presented with the nominal rate for that

channel. Over a multiplex frame interval (nine blocks) the number of scan

addresses assigned tc that channel must be in one-to-one correspondence with

the number of nominal rate transitions. There may not be a one-to-one corres-

pondence over a shorter time interval because requests can be kept pending while

ore or more higher priority channels are being serviced.

The input and resultant output rates for each scanner channel are connected
to a pair of multiplexers on each scanner logic card. Then outputs are Tri-State

connected and accessed by the scanner BITE circuitry via the TSTIRATE and

95
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TSTORATE inputs on the mastergroup receive cerd. The particular scanner

logic card and channel within the card being accessed is determined by the

TESTADDR and ENABLE signals.

Two multiplex frames are required to test each channel of a scanner logic

card. Failure of any channel is latched and reported over the BITE bus on a

scanner logic module basis. This circuit may also be used during equipment

setup to detect a frame overflow condition.

9.3.9 ORDERWIRE MUX/DEMUX MODULE

The function of the Orderwire module is to provide a capability for two

full duplex digital orderwire channels. Both channels must be bit synchronous

to the multiplexer set clock. However, the static phase of the incoming data

transitions is arbitrary. Each orderwire channel may operate at 16 or 32 kb/s,

switch selectable.

A block diagram for one full duplex channel of the Orderwire module is shown

in Figure -21. Both orderwire channels are identical. Incoming data is level

converted t o standard TTL levels and applied to a transition detector and an

input shift register. Detected data transition preset an autopha sing counter to

produce a bit rate cluck with transition centered in the data interval. This

clock loads data into the input shift register and increments the mo1-S serial-

parallel control counter. After each five bit data word is assembled it is trans-

ferred into a data storage register fur subse uent "eadout in the overhead channel

of the multiplex frame. The inverse process takes place at the demultiplex side.

five bit wide data word may be read into a storage register at the end of block I

through block 8. The particular strobe set is dependent both on the mastergroup

rate and the orderwire channel rate. The data word is then parallel loaded into

an output shift register upon command of a rnod-5 control counter. The output

shift register generates serial output data at the selected orderwire rate. Out-

going timing accompanies the data.
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9. 3. 10 SWITCH ASSEMBLY

An equipment front panel switch assembly allows one of 1 5 possible group

rates, or the "not in use" condition to be selected for each of the 12 possible

group inputs applied to the MGM. A separate Inhibit switch is also provided for

each of the 12 group inputs which is used to inhibit tie BITE alarm and disable

outgoing traffic for the associated group. This feature allows a particular rate

combination to be setup without having active traffic on all groups included in the

combination.

9.3.11 BITEMODULE

The MGM uses a standard DGM BITE module to monitor signals in and out

of the unit and internal circuits. The BITE module generally allows isolation of

failures to a particular printed circuit card or lowest replaceable unit (LRU).

The BITE module provides two dc closure summary type alarm indications (S and

SA). A visual summary alarm lamp driven by the -,LTE module is provided on

the power supply front panel. (

q. 3. 12 HFE

The MGM design incorporates the requirements of MIL-STD-1472 to "

the'maximum extent possible, consistent with operational requirements and

physical design limitations imposed by TT-Bl-2207 -0013 performance specifica-

tion.

Initial setup controls required to configure the equipment to system re-

quirements are incorporated onto the accessible edge of the PCB's. These

controls are protected by the front panel cover. The unit BITE control and

alarm are positioned for rapid recognition and ease of identification.

Figures 9-22 and 9-23 show layouts for the front and rear of the MGM.
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(SECTION 10

GROUP MODEM

The Group Modem (GM) carries traffic at various rates between 72 Kb/s

and 4015.2 Kb/s. Three types of modulation are employed; conditioned diphase,

bipolar, and dipulse. In some instances an orderwire channel must be provided,

and in other cases a telemetry channel must also be provided.

10.1 DESIGN GOALS AND REQUIREMENTS

Functional requirements for the Group Modems are summarized in Table

10-1.

10. 1. 1 DIPHASE GM

The Diphase GM handles traffic at the following rate: 72, 128, 144, 256,

288, 512, 576, 1024, 1152, 1536, 2048, 2304, 4096 and 4608 kb/s. Balanced

NRZ signals are accepted at the equipment side and are converted to unbalanced

conditioned diphase at the cable side. Various lengths of CX-11230 cable may be

driven, depending upon the data rate as follows:

Rate (kb/s) Maximum Dist. (km)

Up to 576 3.2

1024 to 2304 1. 6

4096 and 4608 0. 8

At rates of 256 kb/s or higher, the GM also must handle an oxidcrwire

channel and a telemetry channel. The orderwire rmn.y be either a VINSON, which

is a l kb/s digital signal, or an analog signal whose band is 300 to 3400 cps.

It is desirable that the analog orderwire channel use only passive components

in the GM. The telemetry channel is a 2 kb/s balanced NRZ signal.

10-1
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TABLE 10-1

GROUP MODEM FUNCTIONAL REQUIREMEN-S

Function Modem

Diphase Dipulse-1 F

ii 128, 256,

Group Rate048, 4096 288, 576,Grou Rate -12,20
, 288, 576,

1152, 2304,
4068

1536

Equipment Side Balanced NRZ data and Timing
Interface

Modulation Conditioned
Diphase Dipulse (

3.2 kin@ 576 kb's
Distance 1.6 km C 2304 kb/, 1.6 km 0.S km

0.8 kn 4608 kb/s
I I ne Side XI13tinerface Cable CX-11230 CX-I1230 CN-

(Unbalancedl Rate Same as Group 2304 kb/s -. "

Rate

Power dc loop bac. , :.c :a.,

TD-754 7
/qpt RLGM, RMC, TD-206

One channel for Analog A-a z (
2 kb/s telemetry compatible C", I'e

Orde r re and 16 kb/s dhLital with TD- 754 7 "

om 300- 3400 liz
analog

BITE &
TTelen-etrs BITE locates fai,lts to a single plug-in znoilule.

Tinning Ooto-ns a) Transmit ti-mn. derived from reia-.d ,
b) Transmit tiri- derived from recoiue,

\ITBF tO00 r,

115 V - 101 at 53 ,0, Ind 400 IT-
Po e r , r

28 \ 4, - . V dc, 120 %atts max.

e 6.5 1. x 1 dx 1 1t4 x for 1 rac. -',."t

15kg.

\ot, D)iphase Modem and :)Dipulse Interface have a black Station
clock output at the Group Kcate on the Equpm-ent Side,

10-2



RAYTHEON COMPANY

E 0 U I P M E N T D I V I S 1 0 N

A Station Clock output is available on the equipment side at the group

rate, and is derived from the recovered timing on the receive side.

10. 1.2 DIPULSE GM

The dipulse GM handles traffic on the equipment side at rates of 288, 576,

1152 and 2304 Kb/s, and in each case transmits data over the cable at 2304 Kb/s.

Balanced NRZ signals are accepted at the equipment side and are converted to

dipalse signals for transmission over CX-11230 cable at distances up to 1.6 Km

for unrepeatered systems. When used with a repeatered cable syste, loopback

of the incoming power feed is provided. Also, an analog orderwire channel can

be handled bj the dipulse GM. A high transmit level is required for the repeatered

case, so therefore the orderwire will not be passive.

10. 1.3 BIPOLAR GM

The bipolar GM handles traffic at 4.9152 Mb/s. Balanced NRZ signals are

accepted at the equipment side and are converted to bipolar signals to be trans-

rnitted over CX-11230 cable at distances up to 0.8 Km in an unrepeated system.

When used with o repeated cable system, loopback of the incoming power feed is

provided.

Also, an analog orderwire (300 to 1700 Hz) must be transmitted over the

cable. A high transmit level is required for the repeated case, so that orderwire

will not be passive.

10.2 DESIGN APPROACH

The original concept of the Group Modem was that it could contain any mix

of various GM's and rates, with a maximum of 12 GM PCB's per case (see

Figure 10-1). Due to the complexity of the diphase GM and the PCB area required

by various filters, the circuitry cannot be located on one PCB. Since the diphase

GM requires two PCB's, it has a maximum capability of six GM's per case.

The diphase GM employs a type of Frequency Division Multiplexing,

(where for rates of 256 KHz or higher, the diphase data is put on the cable without

a filter, the VINSON and telemetry signals are combined digitally and trans-

mitted at baseband through a low pass filter. Other approaches have been con-

sidered, a TDM anproach, a space division multiplex approach, and a multi-

sampling approach, These approaches are discussed in paragraph 2. 1. 2.
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The dipulse GM design concept is fairly straightforward. as the orderwire

is comparatively simple. Here, the audio is put at baseband and the dipulse

occupies the upper end of the frequency spectrum.

The bipolar GM design concept is similar to the diphas3e GM concept, except

for the different waveform and bit raze at the cable interface.

1G. 3 DETAILED DESIGN DESCRIPTION

10. 3. 1 DIPHASE GM TRAFFIC CIRCUITS

Equipment side inputs to the diphase GM are balanced NRZ data, timing

and station clock. Balanced inputs are terminated in 100 ohms. Figure 10-2

shows a block diagram of the diphase GM, traffic circuits.

Since data is to be retimed by the recovered clock, an automatic phasing

ircuit is required to compare the phase of the recovered clock with that of the

input group data. In this manner, the proper phase of the recovered clock can

be usec. to retime the data.

'Ihe transmit timing utilizes either the equipinc -it NRZ timing (TIM) or

the timing recovered from the received cable data (loop). This option is switch

selectable.

The incoming NRZ data is converted to diphase using the 2 f0 clock gener-

ated by using both the positive and negative transitions of the incoming data

rate clock. The diphase generator output drives a cable driver which in turn

delivers 3 Vpp to the CX 11230 cable.

Diphase data received from the CX1 1230 cable enters the board via a

buffer. The buffer output drives a two pole high pass filter which is used to

separate the diphase data and the orderwire signals. Th , high pass filter cutc'f

frequency is switch selectable at 7. 2 kHz or 25 kHz.

10-5
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The filter output drives an equalization amplifier. The equalization ampli-

fier is designed to equalize the maximum cable length flat, to the maximum bit

ra _, for that length according to the following table:

Max Cable Length (km) Max Frequency (kHz)

3.2 576
1. 6 2304
0.8 4608

Figure 10-3 shows the frequency response for the cable up to the maximum

frequency to which it will be equalized. The equalizer is a single pole and is

switched according to cable length. The equalizer is switched out for the situa-

tion where there is 0 cable Jength such as during loopback at the GM case. The

other three switch positions are utilized for the . 8, 1.6 and 3.2 km cable lengths.

The output of the equalizer drives a zero axis crossing detector. The out-

out of the axis crossing detector drives a timing recovery phase lock loop, and a

diphase to binary converter.

The timing recovery loop utilizes a crystal VCXO which has two center

frequencies (9216 kHz and 8192 kHz). The VCXO center frequency is selectable

via a control input that responds to logic levels. The VCXO frequency selection

is a function of whether the group rate is a multiple of 144 kHz or 128 kHz.
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Figure 10-3. Attenuation of CX11230 Cable (

The VCXO output is either passed straight through or divided as a function

of the rate code switch. (See Figure 10-4 Diphase Group Modem Receive Timing

Recovery). The rate selector is controlled by the rate switch. Table 10-2 lists

the group rates and the rate codes generated by the 16 position rate switch. The

same rate codes are proposed for the TGM and MGM with code 15 reserved for

4915.3 kHz.

The output of the timing recovery divider is compared to the incoming data

in a D Flop Phase Detector. The resulting phase comparison is filtered in the

amplifier that follows and applied to the control inputs of the VCXO. The timing

recovery yields a data rate clock f and a 2 times data rate clock 2 f . These0 0

clocks are required by the diphase to binary conversion circuits that follow the

zero axis crossing detector (see Figure 10-5).

10. 3.2 DIPHASE GM ORDERWIRE CIRCUITS

Equipment side VINSON data and telemetry data enter the modem via

balanced NRZ inputs. The VINSON and telemetry data signals are compared to

10-8
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TABLE 10-2

DIPHASE GROUP TIMING

Rate Number Rate Code Rate (kHz) Rate Family

0 0000 OFF

1 0001 72 A

2 0010 128 B

3 0011 144 A

4 0100 256 B

5 0101 288 A

6 0110 512 B

7 01141 576 A(

8 1000 1024 B

9 1001 1152 A

10 1010 1536 A

1 1011 2048 B(

12 1100 2304 A

13 1101 4096 B

14 1110 4608 A

DIPHASE
DATA 3 BIT

2X c REGISTER

CLOCK QA QB Qc

D Q BINARY

CLOCK CDT

)F-exure 10-" Diphase to Binary Converter
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16 kHz and 2 kHz clocks, respectively, in an autophase circuit. The 16 kHz

and 2 kHz clocks are generated by dividing the 32 kHz station clock. The auto-

phase circuit establishes a clock phase that is used to sample the incoming data

(see Figure 10-6).

The method for retiming randomly phased data with recovered clock is

shown in Figure 10-7. This circuit uses two "one-shot" circuits to test the

phase of the data relative to the recovered clock. The first one-shot generates

a test window which is 2T nanoseconds in width following a positive transition

of the data input. The second one-shot delays the retiming clock by T nano-

seconds. If the delayed clock falls within the test window, a 3K flip-flop changes

state and inverts the retiming clock, changing its phase by half a bit time. The

second retiming flip-flop is always clocked with the station clock so that the out-

put data phase is independent of the phase of the input data.

The output of the telemetry autophase circuit is summed in an exclusive or

gate with an 8 kHz clock. The 8 kHz clock is phased such that it is set low (di-

gital 0) at the transitions of the telemetry data.

The resulting telemetry added to the 8 kHz clock, and the Vinson data are

multiplexed together at a 32 kHz rate. Alternate samples are taken of telemetry

and Vinson data. The multiplexer output is retimed and put on the CX1 1230 cable

via a driver followed by a low pass filter. The filter is a 4-pole butterworth

with a 20 kHz cutoff. The orderwire level into the cable is 1 volt peak-to-peak.

The switch S selects the orderwire type used, position SOW selects the
1

secure orderwire and position MOW selects the maintenance orderwire. The

maintenance orderwire may be used at all diphase traffic rates. The secure

orderwire may be used at diphase traffic rates of 256 kb/s or greater.

The maintenance orderv,,ii: enters the modem through transformer T I .

The transformer output is applied directly to the cable through a series resistor

used to maintain the proper audio termination. The maintenance orderwire is

passive and can be used without power applied to the GM.

Receive digital orderwire signals from the CX1 1230 cable enter the modem

via a buffer. The analog naintenance orderwire enters the modem through an

audio transformer.

10-11
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The incoming cable signal is passed through a low pass filter that separates

the composite digital orderwire and diphase traffic. The filter output is fed to

*two buffers. One buffer drives a positive and negative peak detector. The out-

puts of these peak detectors is summed in a resistive adder and the mean voltage

is used as the digital data slicing level. The other buffer drives the data slicer.

The sliced data output is fed into a data transition detector. A phase lock

loop is used to extract timing from the data transitions.

The output of the pulse lock loop is shaped by a clock shaper. The regen-

erated data is fed into a telemetry recognition circuit. The telemetry recogni-

tion circuit performs the function of separating the multiplexed Vinson and

telemetry data. The recognition technique makes use of the fact Lhat in an

error free environment the telemetry signal contains no more than two ones or

two zeros in a row. The separation is performed as follows: The data bit

sampled is assumed to be telemetry. The time slot is continually examined for

8 logic l's or 8 logic O's in a row. If either of the above tests is successful, the

channel is recognized as being Vinson (see Figure 10-8).

START

OERNO CHANNEL
ZEROS IN A LOW

BEEN FOUND TELEMETRY

YES

- '-CHANNEL IS
VINSON SELECT

OTHER CHANNEL 
I

Figure 10-8. Telemetry Recogritio Logic (

10- 14



RAYTHEON COMPANY

S UI M NT D I V I S I0 N HIN

The telemetry data is regenerated in the telemetry decoder circuit. Two

ones in a row in the telemetry data stream denotes a low to high logic transition.

Two zeros in a row denotes a high to low logic transition. The regenerated

telem- try data along with its associated clock are put out on the equipment side

balanced NRZ interface.

The Vinson data is retimed with the 16 kHz clock and both clock and data

are put out on the equipment side on balanced NRZ interfaces.

10.3.3 THE DIPULSE MODEM

Figure 10-9 is a block diagram of the dipulse modem. A simplified block

diagram of the Cable Orderwire is included to show how it connects to the Dipulse

modem. Balanced NRZ data and timing inputs are connected via shielded twisted

pair to separate line receivers Ul. The TTL outputs of Ul go to switch U2 which

selects either local data and timing (the NORMAL condition) or the received data

and timing from the remote TD-754 multiplexer (the LOOP BACK condition). U2

is shown as a DPDT mechanical switch which is functionally the same as the actual

TTL logic gates in UZ, but is easier to follow when describing the circuit.

Timing signals go to an Auto-Phase circuit U3, 4 where they are compared with

timing from a remote TD-754 (when S2 is in the RCD position) and the proper

phase is automatically selected for retiming the data to the remote clock. When

S2 is in the LOCAL position, local timing is unaffected by the Auto-Phase circuit.

Data is retimed in U7 and then processed in a Dummy Pattern Insert Circuit Ul1.

The various rates required for dummy pattern insert and binary-to-dipu'se con-

version are derived from the input timing in a phase locked oscillator and counter

circuit comprising US, 6, 8, 9 and 10. Switch S5 sets selector U10 to the input

rate. This circuit supplies rates of 4608, 2304, 1152, 576, and 288 kHz.

The Dummy Pattern Insert circuit (see Figure 10-10) interleaves a 288 kHz

pattern with 288 and 576 kb/s data to meet the requirements of the TD-754 multi-

plexer to which the modem is connected. This insert circuit is active only at the

288 and 576 kb/s data rates. The 1152 and 2304 kb/s data pass through unchanged.

The processed signal that appears at the output of UlI is converted to 2304 kb/s

dipulse in converter U 12. A driver amplifier Q4, 5, 6 buffers the converter from

the low impedance cable, and L1, C19 differentiate the outp square waves to

get the desired dipulse waveshape on the cable. A building-out network

10-15



RAY

NORM q.4.08 tHz

SIJ -,3,q S-,, -I33 .a ? ) u'

V~ .IA 

4o

r t~vT~ OFAR

RAr

R E -TmM / I DP 1 / U I I I C Q B I W

2- j7- Ni --,f

7. -BI

9A a 
AN10 

- DEDerzu)UQC

CAD~
ck ~ An, /oc- 00 ~ ic

5.4 qQ u

IJ21,36// 
S /k 0 o b 12 A

BLACK0

LTAI N L



0 V I S 1- ERYHO

Ei3' */ U I P M E NOT

lowLS VIA/ CI2LSE O
PAT~eIN co,/e1WA

A- TO

SM-DTO-TQ RAI 13# k lb-SO: ;0

L ~ jS-EL Z B IARYP. 3u)Th1G >-Li--. /N
0

DLO

0. MILE

INU OUTVT LEVEL 88 *3~j~- ul Ot iI5

AN W- ck Lo --- ----.- 
2

j -NEL NV

LTU

vi Gr~ A q IBV II

1) qbVA -1.2

L (O

CONVERTR10-16

10-1



RAYTHEON COMPANY R N'
EQ0 U I PM E N T D I V I

(Lock'

t3/,Jflr DATA 13

INPc17 2.ol

Ull ~~-3_-4 I/vt-,LEjqveCt DATA DLN~

01

INFV

-7 kliz

a88 kH-;U1lY ?Mwli~ Y
JN~ltA~ ---- 7-

ATA 4 D(JrM
OA TA D~J JMMYI ),rDum ,7q Wtmr DT

Figure 10- 0. Dipulse Modem Dummy Pattern Insert Circuit

10-17



RAYTHEON COMPANY T N
E 0 U I P M E N T 0 1 V I S , 0 N

(Figure 10-11) compensates for various lengths of cable. Switch S3 sets the

network to simulate CX-11230 cable in increments of 1/4 mile up to one mile.

Incoming Dipulse signals from a remote TD-754 (or TD-206 restorer)

through a mile of CX-11230 cable are processed in the receive circuits compris-

ing U14 through U25. A building-out network identical to that used in the trans-

mitter assures that the irput signal level and shape is always the same as that

received through one mile of cable even though the actual cable length may be

less. An equalizer-preamplifier U14 compensates for distortion of the signal

caused by the attenuation versus frequency characteristic of the cable and

amplifies the signal to a level suitable for reshaping in the slicer U15, 16.

Timing is recovered from the data by means of narrowband crystal filter

Yl, Q8 that is tuned to the 2304 kHz diphase rate. U17 converts the sinewave

output of the filter to TTL logic levels to drive counter 1J18 and Dipulse-to-Binary

Converter U20A. Rate switch S5 sets multiplexer U19 to select the original data

rate from outputs of counter U18. A "D" flip-flop UZOA converts the reshaped

'50

)300pf

CAULA

D( (Ur?7EVT

/0,cE OlOt',Pe

\ 1, ,0

Figure 10-11. Building-Out Network for Dipuise Modem
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dipulse output from the slicer U15, 16 to binary data at TTL logic levels for pro-

cessing in a Delete Dummy Pattern circuit comprising U19 through U25. This

circuit examines the incoming signal to determine the presence and location of

a dummy pattern that is interleaved with the data by the remote TD-754 when

only one 12 channel PCM input is present. This occurs only at the 576 and

288 kb/s rates, and the delete circuit is active only at these rates. The circuit

t then removes the interleaved dummy and restores the original binary data which

is then retimed in U25B. Dual line driver UZ6 converts the TTL data and timing

to balanced NRZ to interface with the shelter equipment.

Built-in test facilities provide monitoring of all input and output signals,

both data and timing. A detector in the phase locked loop disables the dipulse

output should an out-of-lock condition occur. All monitored points report to a

separate BITE module in the Group Modem where the various samples are

checked for activity. Lack of activity at any input will cause the BITE module

to light LED CR9 on the Dipulse Modem. Failure of output activity will similarly

cause CR8 to light. An interlock connection to the companion orderwire card

will also cause a module fault alarm should this card be missing or be plugged

into the wrong slot. Switch Si, which controls logic switch U2, permits loop-back

of the received data and timing to the ori, nating remote TD-754 for system tests.

A separate NRZ output for the rece red timing provides BLACK station
clock through line driver U27.

The orderwire card must be uses wit, %he Dipulse card to provide loop-

back of the dc cable current (required when TD-206 restorers are used) and

analog voice communication on the cable. The same orderwire card is used with

the Bipolar Modem, which requires a different value of loading coil inductance.

A tapped loading coil is used for this purpose and the interconnections with the
Dipulse and Bipolar modems (shown in Figure 10-9 and later in this Section

Figure 10-15) are arranged to automatically select the pvoper loading coil induct-

ance.

The Dummy Pattern Delete Circuit

The Dipulse modem must remove the dummy pattern that is interleaved with

the data ii. the TD-754 multiplexer at the 576 and 288 kb/s rates. Th. data formats

10-19
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for the four dipulse rates is shown on Figure 10-12. The dummy pattern delete

circuit (Figure 10-13) is essentially the same as that used in the TD-754.

Figure 10-14 shows the timing of some of the signals for a data rate of 576 kb/s.

Referring to Figures 10-13 and 10-14, the received reshaped dipulse input

(A) and recovered Z304 kHz clock (B) are applied to a Dipulse-to-Binary conver-

ter, D flip-flop U20A, which recovers the interleaved data and dummy (C). The

problem is to remove the dummy pattern from (C) so that the original binary

data appears at (E). This is accomplished by applying a 576 kHz square wave

of phase shown by (D) on Figure 10- 14, to the clock input of UZOB, whose Q out-

put will be the original data (ED on Figure 10-14). If the positions of the data

and dummy in the interleaved signal are reversed, then it is necessary to reverse

the polarity of (D) to recover the data. The function of the remainder of the

dummy pattern delete circuit (U21 through U24) is to decide which part of the

interleaved pattern at (C) is dummy and which part is data, and then apply the

proper phase of (D) to UZOB to recover data and delete the dummy. This is done

as follows: The manually operated rate switch S5 is set to the data rate; 576 in

this example. Signals are switched by an integrated circuit multiplexer U19

controlled by S5. U19 is shown as a selector switch to simplify the diagram.

Functionally it is the same as the multiplexer. The output of U19A retimes the

recovered data (E) in U25B. U19B selects the output (D) of exclusive OR gate

U21A which passes the 576 kHz output of binary counter U18 unchanged, or re-

verses its polarity depending on the state of the second input, pin 10 of UZ.

If pin 10 is low, (D) is not inverted, and the clock input to UZOB will appear as

(D) oil Figure 10-14 and the output (E) will be the original data (ED). If pin 10

is high, (D) is inverted, and the U20B ciock input will appear as shown at (D)

on Figure 10-14. In this case, the output (E) will be the dummy pattern (E-).

The circuit must decide which polarity of (D) is required to recover data

and not the dummy pattern. The procedure is as follows: D (or D depending on

whether U21A is inverting or not) is divided by 2 in U22A. The output will be

288 kHz or 288 kJlz shifted 900 in phase (F D or FF on Figure 10- 14). Signal F

clocks U22B on alternate bits. If these alternate bits are data, there will be

activity at (G) and retriggerable one-shot U24's Q output will switch low and stay

there, leaving the state of flip-flop U25 unchanged to maintain the -cndition that

10-20
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Figure 10- 12. Dipulse G:oup Modem Data Formats
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recovers data. If the polarity of D is not correct to recover data, UZ2B will

be clocked on alternate dummy pattern bits. The dummy pattern is a 288 kHz

square wave, so alternate bits will be either all ones or all zeros and no activity K
will appear at G and hence at H. One-shot U24 will re-set itself causing its Q

output to go high. This positive transition will toggle U24A to the opposite state

which causes UZiA to reverse the polarity of (D), making U20B select data in-

stead of dummy. At the same time the Z88 kHz output of UZZA will shift 900 to

clock U22B on alternate data bits instead of dummy, causing activity at (H) which

sets the Q output of U24 low. This high to low transition has no effect on U25A,

so the level at pin 10 of UZA does not change, leaving the circuit in the proper

state to continue recovering data.

The purpose of U23 is to prevent the circuit from locking itself in the

dummy recovery mode in the absence of data (data all ones or all zeros). If the

period of all ones or all zeros is longer than the holding time of one-shot U24,

U24 will change state causing (J) to go high which enables Gate U23 to pass (F)

to UZ1B so that activity will appear at (H) and U24 Q output will switch low again.

If data inactivity persists, the circuit will cycle at a rate determined by the

holding time of U24 until data is restored.

10. 3.4 THE BIPOLAR MODEM

Referring to Figure 10-15, balanced NRZ data and timing are converted to

TTL levels in dual line receiver Ul. Both signals pass through logic switch U2

to a Binary-to-Bipolar Cable Driver circuit U3, U4, Ql, QZ, and Q3. A cable

building-out network (Figure 10-16) that can be set with switch S2 to simulate 0, 1/4

or 1/2 mile of cable is used to obtain a fixed signal level and waveshape at the re-

mote TD-976 multiplexer (or TD-982 restorer) through 1/4 or 1/2 mile of cable.

The zero miles building-out network permits operation when the TD-976 is con-

nected locally through very short cables.

Received Bipolar signals pass through an identical building-out network to

an equalizer/preamplifier U6 that compensates for the distortion of waveshape

caused by the cable, and increases the signal to the level required by the slicer-

rectifier U7,8 (see Figure 10-17). The output of the slicer-rectifier drives a

timing recovery circuit and a Bipolar-to-Binary converter U10A. Timing re-

covery is accomplished with a narrowband crystal filter in the same manner as (
in the Dipulse Modem. Tie timing output of U9A and rectified bipolar output of

U8 drive D flip-flop U10A which converts the bipolar signal to binary at TTL

10-24
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Figure 10-16. Building-Out Network for Bipolar
Modem (Transmit and Receive)

levels. Dual line driver Ull provides balanced NRZ data and timing to the

shelter equipment. The received data and timing can be looped back to the

originating TD-976 equipment through logic switch U2 by placing control switzh

Sl in the loop-back position.

BITE and the analog orderwire are handled in the same manner as in the

Dipulse modem.

I
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10.3.5 THE CABLE ORDERWIRE MODULE

The block diagram of the Orderwire module is shown on the diagrams of

the Dipulse and Bipolar Modems, Figures 10-9 and 10-15. This unit provides

a balanced 600 ohm 4-wire interface to the shelter voice circuits. On the cable

side it provides half loading inductances and 880 ohm resistive loads to properly

terminate each cable. High voltage blocking capacitors separate the voice signals

from the dc cable supply voltage, and a DC Loop-Back circuit, (Figure 10-18)

passes the cable supply current while presenting a high impedance to the voice

and signaling frequencies. A BITE interlock jumper completes the output BITE

circuit on the companion modem so that a missing orderwire card will cause an

alarm. The gain of the transmit amplifier is fixed to provide the required drive

level at the cable input to satisfy both the TD-754 and the TD-976 multiplexers.

The receive amplifier employs automatic gain control that gives a fixed output

test tone level of -4 dBm for an input voltage range from 16 volts to 0. 08 volt

RMS.

1
3 (

(
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Figure 10-18. Cable Current Loop-Back

10.3.6 BITE (BUILT-IN TEST EQUIPMENT)

Various points within each GM are nronitored for proper operation, such

as activity detection on inputs and outputs, phase locked loop in-lock monitors,

etc. These points enable fault isolation to a single PC board. An LED indica-

tion is provided on each panel for fault isolation.

10.3.7 EMI

The equipment side signal lines into and out of this device are balanced.

This interface relies on balance a-, its primary means of EMI suppression. The

external cables connected here are shi-lded twisted pairs, such as RG-108, so

a high degree of suppression can be maintained. There is a wide range of bit

rates on these lines, from 72 to 4195. 2 Kb/s, and waveshaping suitable for the

highest rate would be ineffective at the lowest. There are auxiliary signals for

orderwire and telemetry that are also balanced. These %,,ill use waveshaping and

be carried externally in multipair cable. The full duplex telemetry channel has

a rate of 2 kb/s. The digital orderwire has a rate of 16 kb/s. There is a station

clock line which will be balanced for tempest reasons and a floating alarm line which

10-29
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appears as a balanced line. All the above equipment side signals are digital and

have the basic (o.x/x)2 sp ectral shape. There is also an analug orderwire of

nominal bandwidth of 4 kHz and a balanced four wire line with a test tone level
2= = )Z

of -4 dBm. The diphase signal has a (sin XIX) shape. The PCM signal is

(sinx/x) , the dipulse is (sinx/x, through a high pass filter. The bipolar signal
is (six/x) 2 (1-cos 4x).

The power line has a ,;ingle EMI filter pecified for dc, 50 Hz, and

400 Hz making it larger than a conventional filter, but smaller than two filters.

The power line filter has an integral power line connector which gives far

better filter performance as installed on the unit and saves additionl space.

10.3.8 HFE

The Group Modem design incorporates the requirements of MIL-STD-

1472 to the maxirrum extent possible, consistent with operational requirements

and physical design limitations imposed by .- ,Bl-2Z02-0013 performance spe-

cification.

The initial setup controls required to configure the equipment to system

requirements are incorporated onto the exposed edge of the PCB's. These

controls are Protected by the front panel -over. The unit BITE control and

alarm are positioned for rapid recognition and ease of identification. This unit

has rear mounted connectors which require sequential connect/disconnect

during installation/removal duc to size and space limitations. The GM front

and rear panel layouts are shown in Figure 10-19 and 10-20.

Uidt weights imposed by the specifications are within the requirements of

.MIL-STD- 147Z.
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10,3.9 RELIABILITY DESIGN

The Group Modem case has a specified MTBF of 6000 hours. Up to six
Group Modems can be installed in the Group Modem case, in any desired com-
binatior. of the three types of Group Modems: Conditioned Diphase, Dipulse,

Bipolar. Table 10-3 shows the predicted failure rate for each type of Group
Modem, and the worst combination Group Modem case.

The failure rate data source used in the reliability prediction was MIL-
HDBK-217B, dated 20 September 1974. The environment was ground, fixed;
the outside ambient temperature was 40 C. The IC junction temperature (Tj)
was calculated based on the power dissipation. The quality level for IC's was

B-1, i.e. MIL-STD-883, Method 5004, Class B.

TABLE 10-3

GM RELIABILITY

X x 10- 6 MTBF

Diphase Group Modem 59.3 16,872

1 Dipulse Group Modem 54.4 18,379

Bipolar Group Modem 52. 1 19,179

GM (worst combinaticn) 150. 3 6,655

1
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SECTION 11

CDM

11. 1 DESIGN GOALS AND REQUIREMENTS

The CDM design approach outlined in paragraphs 11.2 and 11.3 meets all

the system performance goals of the DGM Specification TT-Bl-2202-0013. Xs

discussed in paragraph 2.2, the key to meeting the system function requirements

is time division multiplexing of the 2. 0 kb/s telemetry an- 16 kb/s VINSON sig-

nals.

This approach offers the least design risk and is the only feasible approach

capable of meeting the full 64 km range requirements of the low speed system.

Specific functional requirements are listed in Table 11-1.

On the equipment side, the CDM can interface directly with an LGM, TED,

TCM, another CDM, MGM, Group Modem, or radio equipment. On the line

s*'e, the CDM interfaces through CX-11230 with another CDM for distances less

than the PR spacing or with the appropriate PR for greater distances. Restorer

power is provided on the same cable.

Other required interfaces to the CDM are: (1) external ac and dc power;

(2) external clock; (3) maintenance orderwire; (4) VINSON; and (5) tele-

metry at Z kb/s and BLACK station clock.

11.2 CDM DESIGN APPROACH

Figure 11-1 illustrates the formats of both CDM units. Circuit block

diagrams are shown in Figures 11-2 through 11-5. Both units are identical

on a functional basis, comprising six printed circuit cards and plug-in power

supply. Three panels, orderwire transmit, orderwire receive, telemetry,

and the power supply are common. Other features are:

a. Synchronous transmission of all input group rates

b. Digital transmission of 16 VINSON data and 2.0 kb/s telemetry,

providing full 64 km range

11-1
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TABLE 11-1 .

CDM FUNCTIONAL REQUIREMENTS

Group Rates LS 0.072 to 2. 048 Mb/s
HS 4.096 to 18. 720 Mb/s

Equipment Side Balanced NRZ and timing
Interface

Line Side Interface Unbalanced conditioned diphase, 2 Vpp into
62 ohms

LS rate 2. 304 mb/s, HS rate 19. 200 mb/s
LS range 0-64 km CX 11230 (1.6 km repeater spacing)
HS range 0-8 km CX 11230 (0.4 km repeater spacing)
Power Feed - constant current

Orderwire 16 kb/s digital (VINSON)

BITE .,ocates equipment faults to single replaceable
subassembly

Telemetry Transmission 2 kb/s telemetry subchannel, balanced NRZ and
timing

Black Station Clock 72 to 2048 kHz (LS CDM) balanced 4. 096 and
4.608 MHz (HS CDM) balanced

Timing Options From internal received group.
From related clock.
Timing maintenance for 0. 5 seconds

%ITBF 6000 hours

Power 115 Vac +10%, 50 to 400 Hz or 22 to 32 Vdc, 150
Watts maximum

Size 8-1/2 H x 12 D x 19-inch W, Rack Mount

Wei2ht 15 kg maximum Q
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CDM FORMATS

L.S. 9 BITS

INPUT 0.1 OH DATA RATE = 8/9 X 2304

DATA RATE ) 2.048MNB/S
2.048 MHZ 8 BITS

N

vI__ _ _ _ _ _ _= 256 KD/S

FRAME RATE - 32 KHZ

3 BITS4I
IN IOH DATA RATE = Z/3 X 2.304 = 1.536 MB/S

INPUT OH RATE = 1/3 X 2.304 : 768 KB/SDATA RATE

1536 MHZ 24 BITS .._-L F 1 x x ~ F2  x Fj Ix ' 4  xlv X x T x X I

-BITS1

INPUT H OH 0HDATA RATE = 1/2 X 2,304 =1,152 KB/S
DATA RATE =OH RATE z 1/2 X 2.304 = 1,152 KB.S

1.152 MHZ - -6BT
N --S36 BITS J

DATP TE OH RATE 1/40 X 19.200 = 480 KB/S

18.720 * . I5BT

N , F F F 6  v T I FILL V FRAME RATE :32 KXZ

1*.

25 BITS ---- BITS

OH OiF H1 DATA RATr 24/25 X 19200 : 18A32 MB/S
INPUT OH RATE 1/25 X 19.200 768 KB/S

DATA RATE

4 _4.608 MHz -2iIS--*

I FI .x, I X I F2  IX IX IF 3 I x TF4

25 BITS

IOH L O DATA RATE = 24/25 X 19.200 X 2/3
INPUT [II [IIEL IJ2IJ. 128M/

DATA RATE: I*- 3 BITS -- OH RATE 1/25 X 19.200 768 KB/S

F,~~ ~ T 2xx ,x x x F,

1o.I F"iI I ill2.288 4.096 MHZ - 24 BITS

Figure 11-1. CDM Block Diagram and Formats
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DETECTOR I 2.3G4 ~ 2 GENERATOR0.,.8 2 16K

RAEMULTIPLEXERL To >DRIVER OU T
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_______________________________________ __CONTROL.
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Figure 1.1-2. LS CDM Transmit Circuits
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Figure 11-4. LS CDM Receive Circuits
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K. c. All data timings derived from received diphase signals, there-
fore not dependent on actual data content

d. Digital storage timing maintenance circuit to meet 0.5 second
outage requirements

The keys to meeting all system requirements are: (1) the multiplexed

wideband transmission of all input digital data signals and (2) a 1. 7 kHz main-

tenance orderwire.

Within the fixed line rate, the ratio of overhead and traffic data is adjusted

to provide a data transmission rate harmonically related to the input rate. For

the 1,S CDM specified input group rates, three formats are required. In all

formats, the six bit frame code, 16 kb/s VINSON data, 2. 0 kb/s telemetry

comprise eight bits of the overhead. The overhead frame rate is always

32 kHz.

For repeatered systems, the bandwidth of the LSCDM maintenance order-

wire channel is 300 to 1700 Hz. For the HSCDM the bandwidth is 300 to 3400 Hz.

The three HS CDM formats are also similar. However, for the 4. 096

n-ibis input, additional fill bits are required. The required effective trans-

mission rate is obtained by filling every third bit in the 24 data bit format.

Formatting of the overhead provides the six bit frame, two 32 kb/s channels,

and the required fill for a 32 kHz frame rate.

The CDM power supply provides the +12 volt and 5 volt dc voltages re-

quired for internal operation. Additionally, a constant current source supplies

power for the repeatered cable system. Two output currents are available to

allow the use of a common power supply for both cable systems. Facilities
are provided for locating faulty PRs in the cable system.

11.2.1 CDM TRANSMIT CIRCUITS

The CDM transmit circuits consist of two PCBs, Traffic Transmit and

Orderwire Transmit.

1
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Figure 11-2 illustrates the LS CDM transmit circuit design which imple-
ments the formats. The basic 4. 608 MHz clock required by the unit

is generated with a PLL fr-om either the Elastic Store Occupancy or 2. 304 MHz

received group timing. The clock format generator provides a 2. 304 MHz timing

signal with gaps, with effective bit rates of 2. 048 or 1. 536 or 1. 152 MHz. From
these three rates a divide-by-2 M counter (M is selected according to the rate)

generates a timing signal at a frequency equal to the input rate.

An eight bit elastic store accommodates the gaps in the unit timing and

provides an automatic phase function for the input signals. The data read out

of the elastic store is then multiplexed with the overhead data. The overhead

data is generated from a 0. 256, or 0. 768 or 1. 152 MHz clock (depending on

the format) from the clock format generator. A programmable counter provides

32 kHz timing signals used to generate the 16 kHz VINSON and 2. 0 kHz clocks

used for reading in the input data. Signals from this counter are used to multi-

plex the overhead data signals.

Althougi the 16 kb/s VINSON signal is asynchronous, it has been synch-

ronized in an external buffer. Two automatic phase circuits are provideu,

one for the synchronous 16 kb/s VINSON and one for the synchronous 2. 0 kb/s

telemetry data. This avoids sampling the incoming data during a transition.

The two data signals and frame are multiplexed together and then multiplexed

with the elastic store data. The frame code and its inverse are alternately trans-

mitted to provide a 16 kHz reference, to be used by the Receive boards for timing

maintenance resynchroni-,ation.

The composite 2. 304 mb/s data signal is converted to diphase and applied to

the CX-li230 cable with the cable current and analog orderwire. Switch attenuators

provide cable building out in 400M increments to allow the use of shortened cable

systems or loopback operation.

The maintenance orderwire signal is amplified and applied to the cable

through a low pass filter and half-loading coil section. This provides filtering

and proper impedance match required in a loaded cable system. Included in the

orderwire circuits is a 1600 Hz ring generator. This gives the operator ring

capability.

11-9
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The HS CDM transmit circuits are shown in Figure 11-3. ]unctionally

they are equivalent to the LS CDM circuits basically differing in clock rates

and counter moduli. This approach enables use of a common trano-mit order-

wire module.

11.2.2 CDM RECEIVE CIRCUITS

Figure 11-4 illustrates the LS CDM receive circuits. Three PCBs, Traffic

Receive A-and B and Orderwire Receive perform the receive functions. Low pass

filtering separates the maintenance voice signal from the digital data. A high

pass filter provides the digital data to the preamp and equalizer circuits. The

building out network allows the use of shortened cable lengths or loopback opera-

tion. Pulses generated from the equalized data signal zero crossings provide the

4. 608 MHz spectral line necessary for clock recovery by 4. 608 MHz crystal fil-

ter. The line data is then regenerated and converted back to NRZ binary with the

recovered timing signal. The clock format generator generates the clock signals

required for demultiplexing the digital data. These circuits are similar to the

transmit circuits except for the clock delete circuits. This allows for examining

all data bit positions to locate the frame codes within the overhead channel.

The demultiplexed family rate group data and associated clock are applied

to the elastic store readin circuits on Receive B boards. Also apnlied to the

elastic store is a 16 kHz signal derived from the alternate frame code. Essen-

tially this enables the frame signal to synchronize the reference clock for the

tirni~'j nmaintenanc PLL. A 36. 864 MHz (and also 37.44 MHz in the HSCDM)
TCVCXO and programmable counters provide all the family rates for the elastic

stoie read-out. The PLL uses an A/D converter to provide a quantized control

voltage to th, TCVCXO. When an outage is sensed, the A/D circuit is inhibited

rnaintaning the TCVCXO control voltage (and frequency) for the outage duration.

After the outage, the outage detector provides a slight delay re-enabling these

circuits to allow for frame-in.

Programmable counters remove the redundancy from the data read-out of

the elastic store and provide the related square wave timing signal.

11-10
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The receive orderwire digital circuits provide the frame detector and pro-

grammable counters for demultiplexing the 2. 0 kb/s telemetry and 16 .b/s

VINSON signals. The inverted frame word is detected and generates a 16 kHz

timing pulse which the Receive Traffic boards i se to resynchronize their elastic

stores after a timing outage.

The maintenance orderwire is terminated and separated from the composite

cable signal and applied to the audio preamplifier. An AGC loop provides the cor-

rect headset level. Also a 1600 Hz ring detector generates the CALL alarm when-

ever the 1600 Hz ring signal is detected.

Figure 11-5 illustrates the HS CDM receive circuits. Again, except for

rates and counter moduli the digital circuits are functionally equivalent to the

LS CDM receive circuits. The most significant difference is in the group timing

recovery ciicuits. Here, circuit speed limitations make it impossible to generate

one clock rate from which all group timing can be derived directly. However,

with two TCVCXO's and programmable counters, the group rate- are synthesized

from the input diphase signal. Therefore, these group clocks are also independent

of the group data content.

The orderwire circuits are identical, except for counter moduli to the

LS CDM. Therefore, one common design is used.

11.2.3 BITE AND TELEMETRY CIRCUITS

The 0DM Bite board supplies S, SA and LS alarm indications to external

equipment, and in addit:,n v.ill activate fault LED's on each card, LED on the

bite board for loss of cable signal, and a summary fault lamp on the front panel.

The PR fault location approach utilizes the techniques developed by Raytheon

in the TD754-TD-206 cable systems. PR operation is monitored by detecting the

output signal to the cable. If a normal output is present, the PR is assumed good
and iri electronic swvitch shorts a resistor, connected in series with the power

feed, With no output, the failed restorer and all subsequent restorers in the

syst.m switch in their fault locating resistors increasing the cable voltage.

1l-1l
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However, direct measurement of this voltage is not accurate enough to determine

the faulty restorer. Instead a resistance substitution technique and null meter

are used.

When a restorer fault is suspected, the CDM operator inhibits transmission

of cable traffic. This inserts all PR resistors in series with the cable current.

A null meter, connected at a high impedance tap and variable current sink,

obtains a measure of this cable voltage. Traffic is resumed, and all PR's before

the failed unit short out their series resistor. Since transmission is conditioned

diphase, no special dummy pattern is required to guarantee sufficient activity.

Resistors are then switched in to return the cable voltage to the initial measured
value. When the null is obtained, the number of good PR's before the fault can

be determined. The resistance is switched in unit and decade increments giving

the operator a direct reading. Since the voltage is built back to the original

value and null technique is used, the accuracy of this method is independent of

current regulation and metering errors. This approach has been proven ac-

curate to + I restorer in the TD754-TD206 40 mile system.

11.2.4 CDM POWER SUPPLY

See Section 14.

1 -
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11. 2.5 EMI

The line side of the CDM connects ultimately to CX-11230 cable which

terminates on the shelter wall. This is a coaxial cable with very light shielding

and the overall shield has very little EMI suppression. In order to keep this

cable from radiating harmonics of the diphase and to reduce susceptibility to

cable pick-up, it is advisable to add additional LP filtering at the input

and output. This still gives acceptable system performance because this unit

must deal with the frequency sensitive loss in the cable, and the additional

waveshaping required for EMI suppression is less serious than this.

The equipment side sigaal lines into and out of this device are balanced.

iTis balance is the primary means of EMI suppression. The external cables

connected here are shielded twisted part, such as RG-108, so a high degree

of suppression can be maintained. There is a wide range of bit rates on these

lines, from 72 to 2048 kb/s (LS CDM) and 4.096 to 18. 720 mb/s (HS CDM), and

waveshaping suitable for the highest rate would be ineffective at the lowest.

There are auxiliary signals for orderwire and telemetry that are also balanced.

These use waveshaping and are carried externally in multipair cable. The full

duplex telemetry channel has a rate of 2 Kb/s. The VINSON orderwire has a

rate of 16 Kb/s. Most equipment side signals are digital and have the basix

(sinx/x) spectral shape*. There is also a maintenance orderwire of nominal

iandwidth of 1. 7 KHz and a balanced four wire line v, ith a test toz- level of

-4 dBrn. The diphase cable signal is (sin 2x/x)2.

The power line has a single EMI filter specified for dc, 60 Hz, and 400

Hz making it larger than a conventional filter, but smailer )ban two filters.

The power line filter has an integral power line connector whi h gives far

better filter performance when installed on the unit and saves adti:onal space.

t
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11. . 6 RELIABILITY DESIGN

The CDM's have a specified MTBF of 6000 hours. This is equivalent to

166 failures in 106 hours. The reliability predictions and demonstrated results

are summarized in Table 11-2.

TA.BLE 11-2

CDM RELIABILITY

Specified Predicted Demonstrated
Unit MTBF (Hrs) MTBF (Hrs) MTBF (Hrs)

IHSCDM 6000 12,732 20,000

LSCDM 6000 12, 241 6,800

11.3 0DM DETAIL DESIGN

11.2.1 TRANSMIT CIRCUITS

Much of the CDM block diagram functions are implemented easily with

available integrated circuits. Areas which required special design parameters

or unique implementation include:

a. Phase locked loop circuitry

b. Elastic stores

c. VINSON auto phase

d. Telemetry auto phase

1-
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11, 3. 1.1 Phase Locked Loops

Two phase locked loop (PLL) designs are required for the CDM transmit
circuits, a 4.608 MHz for the LS CDM and a 38.4 MHz for the HS CDM. All

timing signals required by the transmit circuits are then derived from these

clocks. Specific design constraints imposed on the PLL are the dc loop gain,

bandwidth and lock in range.

For the LS CDM the input can be either the Elastic Store Occupancy or the

receive±d group timing at Z. 304 MHz. The latter requires a divider of two to

give a 2. 304 MHz reference for the PLL.

For the HS CDM the input can be related timing from the input elastic store

or received group timing. To avoid fm modulation of the 38. 4 MHz timing, the

PLL bandwidth should be less than the lowest rate into the phase detector. This

is 51Z kHz.

The elimination of the station clock timing option has made the PLL design
relatively uncritical, since the necessity for high division ratios is eliminated

and with it the chance of elastic store overflow. A +360 degree phase detector is

used.

11.3. 1.2 Elastic Stores

The elastic store is used in the CDM to provide two functioris, to provide an

automatic phase circuit for the synchronous data inputs and to accommodate the
timing gaps generated by the clock format circuits. Figure 11-6 illustrates the

effective timing signals generated by these circuits. As shown, pulses are

deleted to generate the basic group and overhead rates. The exact group rates
are then generated by the +2 M counter circuits. For- the worst cases, the timing
gaps produce an elastic store occupancy excursion approaching one bit.

For the automatic phase circuit the elastic store occupancy can only be set
v'i, an uncertainty of one bit. Also the initial setting of the store can occur at

any portion of the normal excursion of the elastic store occupancy. Figure 11-7

illustrates the worst case elastic store occupancies around the setting threshold.

11-15
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Figure 11 -7. Worst Case Elastic Store Occupan 'ies

The worst case above the threshold occurs when the store threshold is set just

after a readout would have occurred. Therefore the store occupancy increases

by approximately one bit before a readout can occur. Additionally, if a gap is

present at this time, there is no readout and the elastic store gains another

bit occupancy. The readout then starts and gives the normal "sawtooth" occup-

ancy curve. Since the clocks are all synchronized, the occupancy curve never

varies.

For the worst case below the threshold, assume a readout occurs immedia-

tely after the threshold is reached. Additionally, if the readout gap had just oc-

curred, the store will continue to deplete one bit. The readout gap then brings

the occupancy back to the threshold. As before, the occupancy path normally

never varies. Therefore the store size must be greater than three bits. A 4-bit

store is possible but requires a setting threshold of 1.5 bits to center the toler-

ance. Additionally, limit thresholds are required to reset the store if the limits

are ever reached. As stated this normally never happens. However, there are

events such as loss of BCI which could cause occupancy shifts in the store.

Because of this and for ease of implementation, the minimum store size is six

bits. For the LS CDM, i) ie of a 9338 multiport register makes an eight bit

elastic store an attractive design approach, though the device is too slow for the

HS CDM.
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Another demand is placed on the High Speed elastic store by the MGM. In-

stead of having a fixed-frequency output clock, it switches between two clocksIoffset high and low of the nominal rate. Tandeming of MGM's in a system can

lead to lengthened dwells on the high or low clock, with a resulting filling or de-

pletion of the HS CDM elastic store. The HS CDM phase-locked loop carnnot track

the deviations since its range is limited for the timing maintenance feature. To

accommodate this an SSI eight-bit elastic store is used, which system analysis

shows to be adequate. With the received group clock option, auto phase operation

is as follows.

Initially with power turn-on or with nc signal the activity detector ox'tput is

at a zero maintaining U13-B cleared and U9 loaded to "3". When the detector

goes to a logic "1", U13-B is enabled. U13-A already has Q=l so when counter

Ull makes the transition from state 7 to 0; U13-B is clocked to a "1" and counter

9 starts up in state 3. Thus initially the read and write states of the elastic store

are well offset.

U5 detects states 6 and 7; and after a flip-flop delay this becomes states 7
and 0 on the write side. This creates a guard zone of two bits, for if the readout

transztion 7 to 9 falls within the zone, U13-B is clocked low and reinitializes If9

as above.

11. 3.1.3 VINSON Auto Phase

The VINSON Auto Phase circuit is similar to the telemetry auto phase cir-

cuit discussed in paragraph 11. 3. 1. 4.

11. 3. 1. 4 2. 0 kb/s Telemetry Auto-Phase Circuit

Figure 11-9 illustrates the design approach for the 2.0 kb/s telemetry data

automatic phase circuit. Since this data is transmitted redundantly at 32 kb/s,

16 phases of 2.0 kHz are possible for sampling the incoming data. The sampled

data is then simply gate sampled by the 32 kHz pulse assigned to the telemetry

data slot. This signal is then multiplexed with the other overhead data. (
The VINSON and telemetry auto phase circuits have a basic similarity. The

32 kHz frame clock is divided down to the proper sampling rate, 16 and 2 kHz

respectively, and gating is used to create a sampling clock and a guard zone

around it. Meanwhile a transition detector puts out pulses at the edges of the data

11-18
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bits; if one of these pulses enters the guard zone the divider is reset and the

sampling point shifted by one-half bit. Only the telemetry auto phase will be

described in detail.

The 32 kHz frame clock is divided by 16 in U4; its carry output Tc selects

the positive-going edge of the next frame clock to sample the data in Ul0-A at a

2 kHz rate. This positive-going clock edge falls in the center of the Tc pulse.

Two kilobit data enters a two stage shift register U3, where it is clocked through

at approximately 500 kHz by the transition clock. At a data transition the input

and output of the shift register will differ for about a microsecond, creating a

transition pulse at the output of exclusive-OR UZ. This clocks U10-B; if the

clocking occurs during the Tc carry pulse, (which acts as a guard zone around

the data sampling clock) counter U4 is reinitialized to move the sampling point

half a bit.

11. 3. 2 RECEIVE CIRCUITS

The following areas of the CDM receive circuitry are discussed:

a. Cable irput circuits and regenerator
b. Trimming maintenance circuits
c. Framing circuits
d. Group demultiplexing and timing recovery

11.3.2.1 Cable Input and Regenerator

The design approach for the CDM cable input circuits and regenerator is

virtually similar to their counterparts in the PR's. These circuits are discussed

in detail in paragraph 12. 3. The additions to the pulse restorer circuitry are:

a cable input activity detector for BITE purposes, a diphase-binary converter

using a shift register with gating, and an outage detector for timing maintenance

using one-shots.

11.3.2.2 Timing Maintenance Circuit

The Timing Maintenance approach (A/D converter) uses an elastic store

controlled PLL. The phase reference is derived from the 16 kHz alternate frame

clock. This allows the use of less critical VCXO's to meet the 500 ms outage

requirement.

With the use of Figure 11-10, the A/D approach can be analyzed to determine

the outage performance, As shown the total phase detector range is I and the

11-21
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-8- PHASE DRIFT FOR
Q Z f "A" (WORST CASE)

CONTROL VOLTAGE _T'
(VCO FREQUENCY

' 'N/2 -. ... fo N

n4--
PHASE DRIFT FOR
"B" (\\ORS-r CASE) "B' TOTAL PHASE DETECTOR RANGE

8 = CODED PHASE DETECTOR RANGE
PHASE N = NUMBER OF STEPS

±n = NUMBER OF STEPS FOR VCO PULL-IN RANGE
(n -1) IS WORST CASE
STARTING POINT, VCO IS NOMINALLY AT LIMITS
"Al OR "B"

Figure 11-10. Timing Maintenance PLL Considerations

control voltage is quantized to N steps. The coder range corresponds to a phase

range of e radians. In normal operatio- it is assumed that the required control

voltage varies by only one step. In effect, the actual frequency is derived by time

$ averaging of two very close frequencies. The worst case occurs when the VCO is

just marginally below the maximum offset. Additionally it is assumed that the

outage occurs when the last sample was one step below the actual limit frequency.

The frequency error of one step is then:

_F AF AF 2Fn -F- =(INn N N

2

where

f =pull range of VCO

and the phase error (0e) is

e N

the total phase drift allowable before the phase detector range is exceeded, thus

causing a loss of BCI is:

1 1-22
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2(3)

* to calculate the worst case outage time (TWC) before a loss of BCI

i TWC x 0e (4)

solving for TWC

TWC = ( -O) (5)~8rrAf

During an outage the timing output from the data regenerator dies out and the

phase detector cannot have a frequency memory. Therefore a + rr type (set-reset)

flip-flop is the best choice. For this detector, with an 8 bit elastic store and

e=0. 4 , the worst case timing outage allowable is:

TWC = 306 (LS CDM) (6)
L A L 0M

Fcr a 6 bit elastic store and 0=0. 4

229.5
TWC= H2f (HS CDM) (7)

With a maximum elastic store rate of 2. 048 MHz and a +20 ppm pull in range

(VCXO, the worst case outage for the LS CDM is:

TWCL- 2x7 3 048 7.47 sec (8)

With a maximum elastic store rate of 18.72 MHz and a +20 ppm pull in range

VCXO, the worst case outage for the HS CDM is:

TWO 229.5 = 0.613 sec. (9)
H 20x ]8.72

Therfore the 8 bit A/D converter approach (6 bits in the HSCDM) with +20 ppm

pull in range VCXO's meets the system requirements.

11. 3. 2. 3 Framing Circuits

The CDM format all utilize a six bit frame code multiplexed in the overhead

data. To acquire frame, six bits (at the frame rate) are searched to determine if

the code or its inverse is present. For all rates and formats, the frame is
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generated at the 32 kHz rate. If the six bits do not correspond to the frame code,

a skip pulse is generated and six other bits are checked. (

To determine if the true frame has been found, 7 tests are required. For

the six bit frame and its inverse, the simulation probability of 1/3Z. The simula-
7tion probability for consecutive tests is (1/32) . As can be seen, the false frame

probability is quite small. A threshold of n = 5 correct frame codes out of seven

is required to stay in frame. For the LS CDM a maximum of 72 frame locations

must be searched during frame-in, while for the HS CDM 600 frame locations are

the maximum. This gives maximum average frame in times of 2. 4 ms and 19. 1 ms

for the LS CDM and HS CDM, respectively. Note that the CDM framing is not

dependent on failures or degraded performance of the radio.

The frame code for the CDM is 110010.

11. 3. 2. 4 Group Demultiplexing and Timing Recovery

Once frame is established, the positions of all data bits are known and the

digital signals are readily demultiplexed using conventional digital techniques.

However in the LS CDM for the 2. 048 kHz and 1536 kHz family rates the demulti-

plexed signals are period distorted. This effect is worse for the 2048 kHz and

1536 kHz group rates, where the distortion is almost one bit. Therefore the

signals must be buffered.

The problem is similar in the HS CDM except all family rates have distorted

data bits. Worst case is for the 18. 720 Mb/s group yate.

Buffering of the demultiplexed data is accomplished with an 8 bit (LS CDM)

or 6 bit (HS CDM) elastic store and a PLL utilizing the store occupancy to derive
"smoothed" timing. The PLL bandwidths are low enough to eliminate effects of

the input period distortion. Since store occupancy controls the PLL, no overflow

reset is required. There is a 16 kHz reset pulse synchronized with reception of

an inverted frame code, which re-establishes the input address waveform to the

elastic store after a timing outage.

11. 3. 3 HFE

The CDM design incorporates the requircments of MIL-STD-1472 to the

maximum extent possible, consistent with operational requirements and physical

design limitations imposed by TT-B!-2202-0013 nerformance specification.

11-24
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Initial setup controls required to configure the equipment to system require-

ments will be incorporated onto the accessible edge of the PCB's, w-th the excep-

tion of the building out DIP-switch, which is mnounted on the PC beard. These
controls are protected by the front panel cover. The unit BITE control and
alarm are positioned for rapid recognition and ease of identification.

Connectors are located on the rear of the case and are positioned to

ensure maximum accessibility. The front panel layouts of the HS CDM and LS CDM

are shown in Figures 11-11 and 11-12. rhe rear panel layouts are identic-l and

is shown in Figure 11-13.

Unit weights imposed by the specifications are within the requirements of

MIL-STD-1472.
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SECTION 12

PULSE RESTORERS

12. 1 DESIGN GOALS AND REQUIREMENTS

Two types of pulse r'estorers were developed on the DGM program, a

low speed pulse restorer (LSPR) and the high speed restorer (HSPR). These

units, used with the LS CDM or HS CDM respectively, provide extended range

repeatered cable systems. Both units provide identical functions for the DGM

systems, They are:

a. Regenerate and retime the conditioned diphase data -ignal

(2 Mb/s and 19 Mb/s rates for the LSPR and HSPR, respectively).

b. Passively pass 300 to 1700 Hz maintenance orderwire signal and

provide loading coil to minimize cable loss.

c. Provide COU access to the maintenance orderwiA'e.

d. Provide means for location of faulty restorer at the CDM.

Specific design parameters and requirements are:

a. Spacing 1.6 km (I mile) low speed

0.4 km (1/4 mile) high speed

b. Maximum system length

64 kn (40 mile) low speed

8 km (5 mile) high speed

c. Cable type CX- 11230

d. Signal characteristics

DATA, low speed conditioned diphase, 2. 304 Mb/s,

2 VPP into 620

DATA, high speed conditioned diphase, 19. 200 Mb/s,

1. 5 VPP into 62CI

12-1
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4e. Cable power LS 40 mA at 750 Vdc max

HS 80 mA at 350 Vdc max

f. Maintenance orderwire access to COU

g. IATBF - 50, 000 hrs minimum

12. Z PR DESIGN APPROACH

Figures 12-1 and 12-Z illustrate the block diagram design approach of the

LSPR and HSPR respectively. As shown, the designs are similar. The high

speed system has 1/4 mile repeater spacing and a five mile length. Figure 12-3

illustrates the loaded cable characteristics for the high speed system.

i the LSPR, the composite cable signal from a one mile section of CX-11230

is separated into two paths; diphase data, and maintenance orderwire and cable

current. Separation is accomplished with passive filters.

A high pass filter separates the diphase data and applies the resultant sig-

nal to the EQUALIZER preamp. The high pass cutoff frequency is 30 kHz. This

does not degrade the diphase "eye" opening appreciably and was chosen to provide

the necessary isolation between the maintenance orderwire and diphase data sig-

nals. Figure 12-4 illustrates the effect of high pass filtering on the diphase "eye"

opening. Note the good experimental agreement with computer models.

The EQUALIZER preamp provides approximately 35 dB of gain and the re-

quired frequency response to compensate for one mile of CX-11230 cable. With

excessive high pabs filtering, one equalizer design for maximum eye opening and

minimu-im zero crossing jitter is not possible. Reduced eye closure worsens the

signal to noise performance while zero crossing jitter introduces "pattern" sensi-

tivity in ti.e recovered timing signal. A severe example would occur if all diphase
"l's" or '0" were transmitted for an appreciable time, followed by complimentary

or normal random data. Here the sample timing would be initially displaced from

the optimum at the start of the random data. With the smaller "eye" created by

high pass filtering this would increase the noise susceptibility and possible cause

data errors. Unfortunately, the above data patterns are typical during other

DGM ecuipment frame-in routines.

12-2
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0,UNLOADED CABLE

1/4 M I LOADING, 40 KHZ BW

z

1 MI LOADING, 1.7 ICHZ 8W, Z 4.qo S1

110 100 1000
FREQUENCY KHZ

Figure 12-3. Loaded Cable Attenuation
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SYSTEM
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WS 7 SAMPLING PHASE SHIFr TOL lO 73CLOSE EYE COMAPlETEc-Y

36125

-: Figure 12-4. Eye Parameters ys Hi Pass Filter Cutoff
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Two design approaches are available, a compromise equalization or sepa-

rate equalization for the data and timing recovery. Obviously, the latter is more

complex and with the severe size, power, weight restrictions in the restorer, the Q
compromise equalization is preferred. Compromise equalization is feasible and

has worked well with severe data patterns. This approach was chosen.

After equalization, the recovered timing at twice the data rate samples the

equalized data signal to regenerate the conditioned diphase signal. This is applied

to a cable driver which supplies, through another high pass filter, the diphase

data to the CX-11230 cable. The transmit high pass filter is required to enable

recombining the diphase data with the other cable signals.

A second signal path passes the cable current and maintenance orderwire

signals. A low pass filter provides thib separation. The restorer dc voltages

are derivod from the cable current with zener diodes. The HSPR and LSPR

design wil1 use +5 and -5V. The maintenance orderwire signal effectively bypas-

ses the supply due to the low zener >snpedance and filter capacitors. The dc

current flows through the FAULT LOCATE circuit. Basically, this is a resistor

shunted by a transistor switch. If the diphase data output is not present, the

switch opens in, erting an additional Eeries resistance in the cable current path.

By using a resistor substitution technique and traffic interrupt routing, the source

CDM can locate the faulty restorer to +1 mile over the full 40 mile span. Again

the maintenance orderw~re bypasses this circuit. Since this approach requires

all restorers to lose traffic after the faulty one, it is imperative that no data be

regenerated from noise by the data circuits. This will be accomplished by pro-

viding slicing thresholds in the timing recovery circ'tits.

The loading coil passes the dc cable current ai.d provides a-a inductance to

artifically increase the characteristic impedance of t e line at the maintenance

orderwire frequencies. For this system, the line xr-pedance is raised to 430

ohms giving a 300 to 1700 Hz flat pass band with a loss of approximately 1. 0 dB/

mile. The maintenance orderwire and cable current signals are then recombined (
(through a low pass filter) with the other cable signals.

1 6
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The HSPR design approach is similar except relatively less high pass filter-

ing is required to maintain adequate isolation between the data and orderwire
signals. Therefore, normal equalization does give good eye openings and zero
crossings. Conceptually the timing is recovered and data regenerated and applied
to the cable as in the LSPR.

The maintenance orderwire and cable current ire separated with a low pass
filter and processed by circuitry similar to the LSPR. The power supply voltages
are +5 and -5V. The diphase data controls the transistor switch in the FAULT
LOCATE circuits. Again threshold circuits are required in the timing recovery

circuits to insure that no output is present with no input signal. The loading
coil now selected to provide the same loaded line impedance as in the LS
system, with 1/4 mile spacing provides somewhat less attenuation and a 3400
Hz orderwire band. These signals are then recombined with a low pass filter.

12.2. 1 EMI

The restorer data output has additional low pass filtering (similar to
the CDM) to reduce harmonic radiation and susceptibility to cable pickup (see
paragraph 11. 2. 5). Filters are incorporated on the orderwire connector sig-

nals for EMI suppression.

12.2.2 RELIABILITY DESIGN

The PR has a specified MTBF of 50, 000 hours. This is equivalent to 20
failures in 106 hours. The reliability predictions and demonstratc(d results are

summarized in Table 12-2.

TABLE 12-2

PR RELIABILITY

Specified Predicted Demonstrated
Unit MTBF (Hrs) MTBF (FIrs) MTBF (Hrs)

HSPR 50, 000 157, 978 130,000

LSPR 50, 000 146, 413 130,000

12.3 DESIGN DETAILS

12.3. 1 HIGH PASS FILTER AND EQUAIIZER PREAMP

Figures 12-5 a and b show the high pass filter input and equalizer preamp-
lifier design for the PR's. Basically the preamplifier must equalize the cable losses

12-7
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for one mile of CX-1230 in the LSPR and 1/4 mile CX-11230 in the HSPR (Figure

12-6). New measurements indicated near end crosstalk (NEXT) is a less serious

factor in the high speed system than originally thought. The length differences

and rate differences combine so that the overall response required to equalize is

similar in both PR's except for the actual break frequencies. However, the high

speed case generally requires more care and lower impedance levels.

3.2 KM
100-..

90. 
1,6 Ki .0.8 KM

so-- V

NEAR END "

CoAL CROSS TALAND C

o inr - Btr t hi

th dsre0rsone th ipu imednc atT ace h almeac

30~ .. . : " 00,

2 3 4 Is 5 I 7 0 , 10 2 1 I0 2'0 30 40 I10 6l0OO IOO

CA-BE ATTENUATI~ON AND CROSS "TALK (F IN MHz)

Figure 12-6. Cable Attenuation and Crosstalk (F in MHz)

To insure that the 3-pole Butterworth high pass filters (C1, C2, L1) give

the desired response, the input impedance at TI matches the cable impedance

and provides a relatively constant resistance over the frequency band of interest

(approximately 0. 13 times the bit rate to the bit rate). This is provided by trans-

former Ti and Rl as the loading of amplifier stage. Transistors Q1 and QZ com-

prise a cascade amplifier stage. This circuit has had all the advantages of a

common emitter stage and gives a good isolation of output to input. This allows

large stage gains without "Miller' multiplication of the transistor collector to

base capacitance. Although not critical in the LSPR, this is important in the

high speed design. Also, there may be advantages in an eventual hybrid design

if the configurations are similar.
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The first breakpoint is determined by the R2, C3 combination. Breakpoint

frequencies are 450 kHz and 4.6 MHz for the LSPR and HSPR, respectively.

Capacitor C3 is chosen so its impedance at maximum equalization frequency is

greater than the transistor input base impedance (hib). This provides deg -nera-

tion and offers gain stability. The second breakpoint is determined by the Q2

collector circuit comprising R4, L2, and C4. The resonant frequency of this

combination deterinines the maximum frequency equalized (usually slightly above

the bit rate) while the effective Q determines the magnitude of the gain increase.

Figure 12-7 shows a photo of the equalized signal for a three percent cutoff high

pass filter with the circuit. For the LSPR, a 1. 3 percent filter gives better

equalization and provides adequate data and orderwire isolation. The HSPR pre-

amp differs from the LSPR by the addition of CRI in the base circuit of QZ. CR1

is added to stabilize the operating point of Q2 over temperature. Q3 serves as

Buffer Stage to prevent loading of the tuned circuit in the collector of Q2.

Figure 12-7. Eqt alized Eye, 3 Percent High Pass Filter

In the HSPR the equalizer signal will be shifted to MECL levels directly

while in the LSPR the slicer provides TTL levels. This enables the use of a (.

"D" flip flop sampling circuit in either PR.

12-10
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12. 3. 2 TIMING RECOVERY CIRCUITS

The timing recovery (see Figures 12-8 a and b) derived from the received

signal, the twice bit rate clock necessary for regeneration of the diphase data

signal. Since the normal diphase signal contains no energy at this rate, a non-

linear timing recovery technique is required. The preferred approach generates

pulses (0. 25 the pulse width wide) for each signal zero crossings. This provides

the maximum timing energy and the least sensitivity to the actual signal amplitude.

The approach is basically the same for the low and high speed model. Pulses

must be generated from the sliced data, and from these pulses timing are

extracted. The pulses are produced by the full wave rectifier composed cf Tran-

sistors Q3 and Q4. The Emitter-Base junction of the differentially driven tran-

sistor is used as the non-linear element; the collectors are strapped to yield the

full wave rectification. This circuit is an inefficient rectifier in the sense that

unless the input signals exceed 2 times VBE of the transistor, there is no output.

This provides for noise immunity to prevent timing energy from being recovered

with no input data.

The crystal filter timing recovery circuit show.n, evolved after an unsuc-

cessful attempt was made to use an LC timing recovery network. Important

criteria for selection of the timing recovery approach are frequency stability

and bandwidth. For a given stability, the Q sh-ould be selected as low as possible

to avoid excessive phase shifts of the sampler clock. However, the Q must be

sufficient to avoid excessive AI with normal data signals. For conditioned di-

phase loaded Q's of 20 are adequate. A conservatit: estimate for the phase shift

due to drift for a single tuned circuit is AO = -Q-, wiere A0 is the phase shift in

fractions of a bit, D is fractional drift and Q is the loaded Q of the timing filter.

For Q = 20 and D = +0.02 (+20,) A0 = 0. 1 bit. Thiz, is good, although with the de-

graded 'Eye" shown in Figure 12-7 it does give a 2 dB S!N penalty. Preliminary

testing showed, however, that the LC circuit had a jitter which would be too much

for a 40 mile systemr. Therefore, a crystal filter approach was adopted.

The resultant pulses from the pulse generator are fed to Y1, Cl in the LSPR

and Ll, L2 in the HSPR. In both models the adjustment of Cl is necessary to

tune out the stray capacitance of the crystal. This is a one time adjustnen made

12-Il
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at the factory. The output of the crystal is followed by an RLC bandpass filter

(R2, L3, C2) to provide out of band rejection of any spurious crystal response

as well as lowering the Q of the crystal fil'er.

In order that the recovered clock phase be aligned with the optimum sampling

point in the data bit, some form of phase adjustment must be provided to compen-

sate for component delay variations. This adjustable phase shift is provided by

Ul (in the HSPR) which is a tapped delay line. Q5 is a buffer amplifier providing

gain between the timing recovery filter output and the tapped delay line. The

delay line has a total phase shift of 140 degrees with taps every 14 degrees.

In the LSPR this adjustment is made at the tuned amplifier and phase shift cir-

cuit composed of Q5, L2, R3, and C3. This circuit has worked well and

provides a relatively constant output over the adjustment range.

The resultant sine wave signal is ac coupled to the SCHMITT Trigger in

both repeaters which has been designed to provide a leading edge of the clock at

the positive going zero crossing. This minimizes phase shift with variation in

sine wave amplitude.

12.3.3 CABLE DRIVER AND HIGH PASS FILTER

The PR's will use a single ended driver to generate the diphase signal to ,

the cable (Figure 12-9). A single transistor circuit is used to enable easy detec-

tion of a no signal condition required for fault location. In the LSPR, to reduce

the supply current requiremcnts, the output switch is connected across both supply

voltages. A series resistor provides short circuit protection and with the damping

diode (CR1) provides a resistive output suitable for designing the high pass filters.

However, the smaller signal gives less immunity against the external noise threat.

A 2 VPP signal will be used in the LSPR as it has proved to be acceptable in the

TD-206 cable system. A 1. 5 VPP signal will be used in the HSPR. The 3-pole

Butterw,;rth high pass filter comprises Ll, Cl and C2.

In the HSPR, the MECL flip flop draws an appreciable amount of current Ael *

from the -V supply. To provide efficient utilization of the power available from C
the constant current supply, it is best to balance the current loads on both supplies.

Therefore, the cable driver is supplied from the +V supply alone. Circuit
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+V TI Cl L2
2:1 L

LI TO CABLE
LS C2

CRI
cI -

DIPHASE
DATA FROM oAQ
DECISION CKT

-V

TI+V 1:1 Cl L2

HS LI C2 TO CABLEFCRI
DIPHASE
DATA FROM o--01Yw_

DECISION CKT

Figure 12-9. PR Output Drivers
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considerations are otherwise identical except at the high speed rate, storage

time of the transistor switch becomes a 2 roblem. To avoid saturation, a hot

carrier diode is connected across the collector and base of the transistor driver

(0l). Except for the circuit values, the high pass filter approach is identical

with the LSPR.

Other considerations of the driver output are the EMP protection circuits.

Low voltage TRANSORBS and diodes are sufficient for this purpose.

12.3.4 DATA REGENERATOR CIRCUITS

The diphase signal is regenerated by sampling the data signal "eye" and

storing this decision until the next "eye" is sampled. Th's requirement is best

implemented with a D type flip flop. No discrete version of this circuit function

has proved to be size, power, or cost competitive with th,: IC versions. There-

fore, the LSPR will use a TTL 54LS74, and the HSPR will use an MECL MC 1222

for this function.

12. 3. 5 POWER SUPPLY

The PR power supplies are derived (with regulator diodes) from the constant

current supplied by the CDMS. The use of the IC flip flop dictates a +5V supply

in the LSPR and a -5V supply in the HSPR.

Low voltage avalanche diodes (LVA) will be used rather than normal zener

diodes. In the 4 to 1OV range, these devices exhibit considerably sharper break-

down characteristics than zener diodes, giving better regulation and requiring

less current. The +5V supplies are directly derived from a 5. IV device. LVA's

have been successfully used in the recent TD-206 redesign program.

Volta ge Current

LSPR +5. 1, -5. 1 40 mA

HSPR 1-5. 1, -5. 1 80 mA

12.3. 6 FAULT LOCATION CIRCUITS

The fault location circuits use peak detector to monitor the diphase output.

This detector controls the transistor switch, shunt resistcr combination con-

nected in series with the cable current. As signal levels are relatively low, and
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to minimize power consumption, hot carrier diodes will be used in the peak

detector circuits. These reduce the voltage drivre requirements of the detectors.

12. 3.7 LOADING COILS

As stated previously (paragraph 12. 2) loaaing coils are required in each

restorer to provide the required orderwire passband characteristics. Inductance

values for these coils are:

LSPR - 57.0 mH

HSPR - 14.8 mH

12-17
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SECTION 13

CABLE ORDERWIRE UNIT (COU)

13.1 DESIGN GOALS AND REQUIREMENTS

The Cable Orderwire Unit (COU) )rovidcs voice communication on the

high-speed and low-speed cable systems from any junction or Pulse Restorer (PR)

to the Cable Driver Modems (CDM's) at each terminal. The COU permits

measurements to be made to determine the condition of the PR and cable system.

These measurements include the cable dc supply current and voltage, the level of

the diphase signals into and out of the PR, and the internal bzttery voltage. A

4-wire interface with the GM, RMC, RLGM, and RLGMCD is also provided.

The unit is simple, reliable, self contained, and easy to use. The design

features:

a. Uniform battery loading so that both batteries are replaced at the

same time

b. No switching of the through-coaxial circuit, to avoid discontin-

uities in the cable system

c. AGC in the voice frequency receive amplifier

d. Pusli-to-talk (PTT) operation of the orderwire to conserve battery

power and eliminate hybrid circuits

e. A combined signaling oscillator and detector

f. A push-off battery switch that automatically disconnects the

battery when the cover is closed

g. Storage space for the headset and cables

13-1
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13. 1. 1 PERFORMANCE GOALS
I

Measurements

a. Internal battery: yellow zonLe on meter from full scale

(18 V) to 70% uf full scale (12.6 V).

b. Cable voltage: meter indicates V; 1000 V full scale.

c. Cable current: meter indicates milliamperes; 100 mA
full scale.

d. Diphase signal level 0. 02 V p-p input
(inpu+ to, and output 2. 0 V p-p output
from restorer): meter indicates mid-scale + 10% of full

scale for acceptale level (green zone).

e. Meter accuracy: +5% @ + 25°C.

Orderwire

a. Cable impedance 4300
(loaded):

b. Transmit level (voice + 10 dBm
and signaling) on each
cable:

c. Receive level: -24 to +26 dbm.

d. Signaling frequency: 1600 Hz + 32 Hz.

e. Frequency Response: + 3 dB, 300 to 1700 Hz.

13. 1. 2 DESIGN APPROACH

Figures 13-1 through 13-5 show how the COU is used. Access to the order-

wire is provided at any PR through the COU orderwire cable as shown in Figure

13-1. This connection can be made without disturbing the traffic through the PR,

but no metering is possible.

The COU can be connected at a cable junction as shown on Figure 13-2.

There is no restorer at this point so the measured signal levels will not be the

same da at a PR but the cable supply current measurement and the orderwire are

unaffected.

13-2
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Figure 13-1. Orderwire Connection to an Active Restorer (No Metering)
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Figure 1 3-2. Connection at a Cable Junction (Orderwire and Metering)
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Figure 13-43. Connection to Weast Side of Restorer (Orderwire and Metering)
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Figures 13-3 and 13-4 show the connection s at a PR. The cable circuit must

be broken to make this connection, which normaiy would be made only on a faulty

system, and after the cable power supply had been shut off. The orderwire and

full metering facilities are available to check the condition of the PR. The signal

levels to and from the PR on each side ("west" and "east") are measured by making

the connections as shown.

The COU is connected to the GM, RMC, RLGM, and RLGMCD through a

special cable as shown on Figure 13-5.

Figure 1 3-6 shows the front panel layout..

13. 1. 3 DESIGN DESCRIPTION

A simplified schematic of the COU is shown on Figure 13-7. In this example,

the COU is connected to the "West" side of the PR. Incoming signals from the

west pass through J1 to J6 which connects to the metering printed wiring board

(PWB). High frequency diphase signals are coupled through Cl to JZ where they

are connected to the Pulse Restorer via a jumper cable. The dc cable current

flows through rf chokes LI through L4 and resistor R4. The dc voltage developed

across R4 is used to measure the cable current with meter MI. Resistors R3,

R4 and R5 are selected for a full scale meter readin., of 100 mA, so that the value

of cable current (45 mA for the low speed system and 60 mA ior the high ,peed

system) is read directly. Bypass capacitors C3 and C4 keep rf out of the meter

circuit. Resistors R6 through R9 provide a full 1cale voltage reading of 1000 volts

on the meter. R23 gives a ful1 scale reading of 18 V for monitoring the battery

supply.

RC

oRRDEW'R iL~HcD
14C-AD~SET I 0 0

Figure 13-5. Orderwire Connection to DGA Modems
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Figure 13-6. Fron Panel Cable Orderwire Unit

A sample of the high frequency diphase signal is coupled to an Incoming

Signal Detector through C2. This detector consists uf an input bandpass filter, a

broadband amplifier and a rectifier. A normal input signal produces a read-

ing in the "green zone" on the meter.

Low frequency signals pass through chokes Li and L2 to a high voltage block-

ing capaLitor C17 and a relay K1. When Ki is in the receive/standby position

(de-energized, as shown) the low frequency signals are connected to the Receive

Amplifier UZA via R22.

The Receive Amplifier includes automatic gain control to compensate for

wide variations in input level. The Receive Amplifier drives the earphone in the

H-182/PT headset, and its output is also connected to a Signaling Detector U2B,

U3 and Q7 through contacts on relay K2. The signaling detector responds to a

1600 Hz signaling tone (but not to voice) to energize a buzzer DS-1.

To transmit a signaling tone, the operator presses *he RING switch S2 on

the front panel. This energizes relay K2 to switch the U3 circuit from detector

to oscillator, the output of which goes to Transmit Amplifier Ul, QI through Q4.
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S2 also energizes relay KI to transfer the cable circuit from the receive Ampli-

fier to the Transmit Amplifier which drives both cables simultaneously in both

direction,.

When talking on the orderwire, the operator pushes the Push-to-Talk (PTT)

switch on the H-18Z/PT headsct. This energizes KI and the carbon microphone

to provide talking power and to transfer the cables to the Transmitter Amplifier

output. Sidetone is provided through R24.

The outgoing cable from the PR is connected to the COU circuits in a manner

similar to the incoming cable. High frequency outgoing signals pass through Cll.

C12 couples a sample of these signals to the Outgoing Signal Detector CR7, CR8

which performs the same functions as the Incoming Signal Detector except that no

amplification is needed. L6 and L7 pass dc and low frequency signals to the

metering circuits and orderwire.

13.1.4 DETAILED DESIGN DESCRIPTION

Referring to Figure 13-8 (the Metering Card Schematic), the incoming Di-

phase Signal Detector comprises a broadband video amplifier Ul and associated

componerts, High voltage coupling capacitor C2 and inductor L5 form a high pass

filter that has a response peak at the low speed diphase rate. Inductor L6 and theIshunt capacitance of CR1, 2 and Ul comprise a low pass filter with a response

peak at the high speed diphase rate. This results in a bandpass characteristic

that separates the diphase signals from the orderwire. A voltage gain of 100 in

Ul increases the 20 millivolt peak-to-peak input signal to 2 volts to drive a voltage

doubler rectifier CR3, CR4, C7, C8. Hot carrier diodes are used here to maxi-

mize the dc output voltage. R10, 11, and 13 are the meter multiplier resistors

that set the meter reading to mid scale (green zone) for a normal signal level.

Diodes CRI and CR2 protect the input of Ul from damage caused by transients on

the cable.

The Outgoing Diphase Signal Detector (see circuit between C12 and R26 on

the schematic) is essentially the same as the incoming detector but without the

amplifier.

13-8
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Figure 13-9 is the schematic of the Orderwire Card. The Transmit ampli-

fier Ul, Q1, 2, 3 and 4 is a high output impedance bridge amplifier. The Receive

amplifier U2A uses an FET as the variable element in a voltage controlled atten-

uator. The output of UZA is rectified in a voltage doubler to produce the control

voltage for the FET which makes up the automatic gain control circuit. The

Receive Amplifier drives the telephone headset earphone and the Signaling Detec-

tor.

The Signaling Detector consists of a Bridged-T null network Li, C14, C15

and R35 and two operational amplifiers, U3A and U3B. At frequencies other than

the 1600 Hz resonant frequency of the Bridged-T the signal voltage applied to both

4nputs of U3A is the same in phase and amplitude, so the output is nearly zero.

U3B, however, will amplify the output of the Bridged-T; CRIZ rectifies this output

and the resulting positive dc is applied to the inverting input of U2B. The output of

U2B will be negative under these conditions to cut off Q7 and de-energize the buzzer.

When a 1600 Hz signaling tone is received, the output of the Brieged-T goes to zero

(or nearly so) and no sign. appears at the non-inverting inputs to U3A and U3B.

The inverting input of U3A does have a signal applied however, which is amplified

and then rectified to supply a positive dc to the noninverting input of U2B to switch

positive to turn on Q7 and energize the buzzer. Voice signals will not operate the

burzer because, even though there may be 1600 Hz components in the voice fre-

quency spectrum tending to turn the buzzer on, the greater amount of energy in the

spectrum that is amplified by U3B will turn U2B off to prevent it.

TI e Signaling Detector is converted to a Signaling Oscillator when relay K2

is actualed. The junction of Li and C14 is grounded and the output of U3A is fed
'jack to C14, C15 through R34 to form a Colpitts oscillator, the output of which is

connected to the Transmit Amplifier through R4.

The COU Control Panel schematic is shown on Figure 13-10. Two 9 volt

BA-5599 batteries supply dc power. A switch S1 selects the internal battery or an

external supply, or shuts the unit off. A cover actuated switch S4 disconnects the

batterie; when the cover is closed.
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SECTION 14

POWER SUPPLIES

14. 1 DESCRIPTION

Each equipment has its own plug-in power supply to generate all of the dc

voltages required for operation. Switching regulators are required to meet size

and weight requirements and to improve electrical efficiency. Keltec Florida, a

division of Aiken Industries was the successful bidder for the power supply sub-

contract. Keltec has designed aiid built power supplies for the DVM and EDM

Aunits. The power supplies plug in from the front and the heatsink extends out

the rear of each DGM equipment except the RLGM which does not require heat-

sinking to the outside.

All power supply outputs are protected against short circuits and over-

voltage. The constant current power supplies for the CDM's and the 180 volt

RLGM power feed supply has shut down and discharged the cable voltage upon

interruption of cable current. Isolation has been provided between DSVT power

feed circuits so that they can ue switched ON or OFF separately and a short on

one line has not caused shut down of the other power feeds. The 180 volt RLGM

power feed is designed to shut down when short circuited and to periodically try

to restart.

14.2 DESIGN APPROACH

Figure 14-1 shows the functional elements required to configure all of the

DGM equipment power supplies. Each of the DGM equipments was designed to

operate from either 120 Vac or 28 Vdc power. The RLGM was also desigaed to

operate from 180 Vdc. The 28 Vdc requirement was subsequently deleted, except

for the RMC, RLGM, and LSCDM. Each equipment also requires 4-5 and +12 or

! Vdc outputs.

The LGM, RLGM and RMC power supplies provide 55 volts power feed to

DSVT's. Power feed to the high and low speed pulse restoreres is generated by
a constant current regulator in the CDM power supplies.
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The power line is protected by a circuit breaker with separate sensing of

ac or dc overload current. The RMC and RLGM power supplies have integral

EMI filters and EMP protection. Each power supply contains four or more printed

circuit board modules. These modules have a metal heatsink bracket for mounting

high power dissipation devices. The heatsink bracket on the module is fastened

to the rear heatsink of the power supply by hardware to ensure good heat transfer.

Table 14-1 lists the modules used in each DGM power supply.

14. 2. 1 DC TO DC CONVERTER (MODULE C) (Figure 14-2)

This module is used in all DGM equipment power supplies for operation

from 28 Vdc. Automatic switch over to the dc to dc converter occurs when a

dc input is sensed. The converter steps up the input voltage to approximately

150 volts. In the ac mode of operation, this 150 Vdc is obtained by rectifying

the ac input voltage.

The C module also contains the drivers for the POWER OUT OF TOLERANCE

lamp, a fault signal to the equipment BITE card, and the SA alarm relay. A radia-

tion detector on this module shuts down the power supply on detecting a nuclear

event.

The power transformer output is rectified by a bridge rectifier circuit. This

is the same bridge rectifier circuit that handles the 120 Vac input.

This module also has a nuclear detection circuit that senses electromag-

netic pulses (EMP) and shuts down all circuitry in the event of an extreme EMP

condition. Module C also senses undervoltages in the +150 Vdc circuits. When

an unvervoltage condition is detected, the POWER OUT TOL lamp on the front

panel is illuminated.

Tests indicate that the dc to dc converter is at least 85 percent efficient.

The overall efficiency of the power supplies is less with a 28 Vdc input because

of the losses in the dc to dc converter. EMI tests have shown that power line

conduction limits are met in either the ac or dc mode. Tests were made with

power line filters from two vendors.
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TABLE 14-1

POWER SUPPLY USAGE

Keltec LGM RLGM RMC TGM/GM CDM RLGMCD MGM

Sylvania Raytheon

Module -1 -3 -4 -1 -Z -3 -4

A X X X X X

B X X X X X X X
C X X X X X X X

D X

___-x x

x(
_ _ _ _ _(2 Req)

G x
H X X

K X X

Quant. 36 18 16 79 114 38 37
EDM
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14.2.2 POWER SUPPLY MODULE B, INTERNAL DC SUPPLY (Figure 14-3)
M

This module accepts the 150 VDC from module C. The inouts are fed to trans-

formers T! and T3 which operate in the flrback regulator mode (Fig. 14-4). This

mode is essentially an energy storage mode. The energy is stored in a transformer

primary during the first alternation of a power transistor (ON). The energy is

delivered to the load during the next alternation of the power transistor (OFF).

With two interleaved flybacks, one is delivering energy to the load, while

the second is storing energy from the DC source. Regulation is achieved by mod-

ulation during the ON time of the power transistors (Q5 and Q6).

Polarities of the T2 transformer windings are such that while Q5 is on, Q6

is off. Transistor Q5 is clocked on the off at a 20 KHz rate by oscillator Ul.

While Q6 is on, current flows from the +150 VDC source through TI, TZ, and T3

to the 150 Vdc common return. At the same time, voltage is being induced into

the secondary windings of Tl. The winding polarities of T1 are such that all the

rectifying diodes are reversed biased while Q6 is on. No output voltage is produced

during this alternation.

Voltage comparator U3 receives a sample of the unregulated DC output.

This is compared with the E REF voltage. The compared sample is sent to UZ

which compares this sample with a ramp voltage. The resultant output causes a

shut down and HI current signal output to illuminate the POWER OUT TOL on the

front panel.

Undervolts and overvolts detection will also inhibit transformers TI, TZ,

and T3 thereby shutting down the power supply.

14.2.3 POWER SUPPLY MODULE A, +5, +10 VDC SUPPLIES (i. re 14-5)

This module accepts unregulated 4-8 Vdc and +16 Vdc inputs f m module B

and produces regulated +5 Vdc, and +10 Vdc output voltages. The unr, ulated

inputs are regulated by series pass transistors controlled by sensing aniplifiers

referenced to E REF. Each output circuit has an overvoltage sensor that triggers

a silicon controlled rectifier (SCR) that in turn crowbars the output.

Each output voltage is also monitored by a voltage comparator. The under-

voltage output signal of the comparator is sent to the control panel to illuminate

the POWER OUT TOL indicator.
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14.Z.4 POWER SUPPLY MODULE D, +55, +180 VDC POWER SUPPLY

(Figure 14.-6)

This module accepts an E REF signal, a 20 Vdc reference signal, and a

clock pulse from module B. The 150 Vdc power input is received from module C.

The clock pulse gates Qi ON and OFF. While Qi is ON the clock pulse

passes through TI and gates Q3 OFF. The polarities are such that when Ql is

ON, Q3 will always be OFF and vice versa.

While Q3 is ON curren-t from the +150 Vdc input line flowed through TZ,

Q3, and T3 respectively to the 150 Vdc return line.

The voltage at the +55 Vdc output will not be seen at this time because of

the rectifying diode during this clock alternation. However, the field surrounding

TZ will build up.

Current flow through T3 induced a positive going ramp to Ul comparator.

The second input to Ul comparator comes from a second comparator UZ. The

two inputs to UZ comparator are the E REF signal and the 55 Vdc output via a

voltage adjust potentiometer.

The output of the Ul comparator will fire an SCR thereby shorting the pri-

mary of Tl and causing the field to collapse around TI. This action will turn Q3

OFF and it will remain off until the next clock pulse.

With Q3 OFF the field of TZ collapses thereby inducing a voltage that passed

through the rectifyin6 diode that is then filtered. This filtered output is the +55

Vdc output via a voltage adjust potentiometer.

A --55 Vdc overvoltage comparator U3 is used with an E REF input to fire

an SCR (for cut-off) when the voltage exceeds a limit set by the voltage adjust

potentiometer input to the comparator.

A -55 Vdc undervoltage comparator is used in the same manner; the under-

voltage ises the U2 comparator to feed an undervoltage driver circuit.

The 180 Vdc power supply operates in a manner similar to the 55 Vdc

power satply. Circuitry is provided to give v', r:ing when the 180 Vdc source

(output voltage) drops below 180 Vdc. When this occurs, Q6 turn, on.

[14-10
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NOTE

When an external short occurs, the 180 Vdc
power supply will shut down. After repairing
the problem, shut the RMC 180 Vdc power
supply OFF then turn it back on to reset in-
ternal crowbar circuits.

14.2.5 POWER SUPPLY MODULE F (Figure 14.-7)

The two F modules supply 180 Vdc at 300 mA to the remote TD-1233/TTC's.

Each module has a separate ON/OFF switch. The voltages from the operating F

modules are monitored by the POWER OUT TOL lamp. An open circuit on the

180 V load caused the regulator to inhibit the output and light the 180 V fault

lamp. This module is identical to the 180 volt regulator on the D module. Two

F modules are used in the RLGM/CD power supply.

14.2.6 POWER SUPPLY MODULE TYPE H DSVT POWER FEED (Figure 14-8)

Thi. module contains a flyback converter for generating +55 Vdc to power

the DSVT's. Filtering and voltage protection for this output is also provided.

The operation of this module is similar to the type B module. Up to 16 DSVT's

can be powered by this module which is used in the LGM and RLGM.

14.2.7 PULSE RESTORER POWER FEED (MODULE G) (Figure 14-9) (
This module generates 40 watts of constant current output for powering

the HSPR or LSPR. When the power supply is plgged into a LSCDM the con-

stant current is regulated at 40 milliamperes. In an HSCDM the same module

is strapped to regulate at 90 milliamperes. The regulator shuts off and the load

capacitance is discharged if the output voltage exceeds 1000 volts due to an open

cable or a power supply malfunction. A separate ON/OFF switch and fault lamp

is provided for the constant current into a load which varies 40 to I depending on

cable system length. The duty cycle of the flyback switch only varies with the

square of the output po%\er rather than linearly as with most switching regulators.

Therefore, a 40 to 1 load change requires less than a 7 to 1 change in switching Q3
regulator duty cycle,

Module G accepts -150 Vdc and +20 Vdc inputs through the flyback con-

verter-regulator principle is explained in paragraph 14.2.2 (Module B). A clock

input is used to set up the tining for the flyhack circuit.
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14.2.8 POWER SUPPLY MODULE E, +5 VOLT DC SUPPLY (Figure 4-10)

Module E accepts +150 Vdc and 4-20 Vdc inputs and through the flyback

converter-regulator principle outputs regulated +5 Vdc. The flyback converter-

regulator principle is explained in paragraph 2-12. Two time interleaved flyback

circuits are used for high current (15 Amp). A clock input is used to set up the

timing for theflyback circuit. The control circuits for the two flyback circuits

are on module K.

14.2.Q POWER SUPPLY MODULE TYPE J (Figure 14-11)

Four series regulators and undervoltage sensing BITE circuits are con-

tained on the J module. These regulators provide load isolation and current

limiting in addition to tighter regulation than provided by the B type module. The

input voltage to each regulator is line regulated by the flyback pre-regulatur on

module B. A clock generator on module J sets the switch frequency for the fly-

back converter on the H module. This module also provides the over and under-

voltage protection circuits utilized by +55 Vdc which is used by the DSVT's. The

+55 Vdc output is obtained from this module.

14.2. 10 POWER SUPPLY MODULE K, +5 Vdc SUPPLY CONTROL (Figure 14-12)

Module K receives the +5 Vdc input from module E together with a constant

reference voltage from module E. These two inputs are compared in U4, and the

resultant -5 Vdc output is sent two places. The prinary output is sent external

to the module for distribution. The second output is used as an input to compara-

tor U3.

A ramp voltage is the second input to comparator U3 (E REF) from module

B. The two inputs are compared and a pulse is produced whenever the rising

ramp equals 5V. The comparator output pulse turns off the clock circuits for

the remainder of the present alternation. The clock outputs control the timing for

the circuits of module E.
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14.3 EMI

The power supply assembly is shielded to reduce radiated EMI from the .

switching regulators. The front and rear of the power supply opening is gasketed

to prevent leakage out of the DGM equipment cases. The ac or dc prime power

connector is an integral part of the power line filter to prevent EMI pijckup in

wiring between the filter and the connector. The power line filter is rated for

the maximum dc current and ac voltage. This results in a filter larger than

required for either ac or dc operation but smaller than two separate ac and dc

filters. Front panel switches and indicators are shielded.

14.4 RELIABILITY

Table 14-2 lists the reliability prediction for the power supplies giving the

predicted failure rates with full power feed requirements.

TABLE 14-2

POWER SUPPLY FAILURE RATES PER MILLION HOURS (

Unit Prediction

LGM 26.8 ,

RLGM 26.8

RLGM/CD 31.7

RMC 30.7

TGM Z6.8

MGM 26.8

GM 26.8

CDM 30.7

During the Reliability Demonstration, there were more than 120, 000 power

supply operating hours, with a single failure. C
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SECTION 15

MECHANICAL DESIGN

15.1 SHELTER MOUNTED UNITS

15.1.1 CASE DESIGN

All DGM shelter mounted units are packaged in dip-brazed equipment cases

8-1/2" high by 12" deep by 17. 25" wide except the MGM which is 14" high by 12"

deep by 17. 25" wide and fabricated from 6000 series aluminum alloy plate and

extrusions. It has been Raytheon's experiuace that dip-brazing yields the most

practical and versatile method to obtain good working tolerances and a good pro-

duction yield for equipment case/chassis of this type, while providing cost effec-
tive joint design for suppression and control of EMI and RFI. The physical char-

acteristics are contained in Table 15-1.

The equipment case is designed to accept mounting brackets in accordance

with SC-B-627147; the four bracket mounting holes are located 3-3/16 inches back

from the front edge of the case on both sides. Two carrying handles are mounted

to the equipment case forward of the mounting brackets and positioned so as not

to interfere with the ability to rack-mount the equipment in a standard electronic

rack having dimensions conforming to MIL-STD-189.

Captivated, 10-32 thread, blind inserts are provided in the wall of the case

for the rack-mounting brackets.

The shelter mounted equipment case/chassis (See Figure 15-1) is an integral

assembly conforming to MIL-T-4734, constructed of aluminum alloys bonded by

dip brazing techniques. Materials, parts and processes are in accordance with

MLL-P-11268. Finishes are in accordance with MIL-F-14072; the unit is painted

light grey enamel in accordance with TT-E-529, color #26250 in accordance with

FED-STD-595; front panel marking is Group I in accordance with MIL-M-13231.

The equipment case is divided into two mz.jor compartments, one for the

power supply and one for the plug-in PCB assemblies. The compartments are

sepaiated by a vertical shield to aid an izolation of signals and improve heat regu-

lation. All plug-in subassernblies, i.e., power supply and PCBs are replaceable

15-1
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from the front of the unit. A removeable RFI gasketed cove- complete with captive

hardware encloses the PCB compartment.

All normal operational and hookup connectors are located on the rear sur-

face of the unit. A rear cover provides major maintenance and initial installation

access to the wiring of the wirewrapped panel. All operational controls are

mounted on the front panel immediately accessible to the operator. Localized

fault locating is provided on each plug-in subassembly (see Figures 15-2 through

15-5).

15. 1. 2 PRINTED CIRCUIT CARD DESIGN

The DGM shelter mounted and remote equipments with the exception of the

CQU and the PRS use a standard sized plug-in PCB. The standard panel features

a 112 pin male blade connector and two panel extractors (see Figure 15-6). The

outer surfaces of the PCB contain mounting pads around component lead holes,

and these outer layers serve as protective barriers to avoid circuit damage due to

mishandling. The inner layers consist of two signal layers, a voltage layer and a

ground layer. The voltage and grounc layers or planes are relatively full layers

of copper and enhance the removal of t.-at from the component directly to the PCB

guide system and eventually to the outer case structure.

The board size is 6. 6 by 7. 7 inches excluding connector: the same board

is used in the remote and shelter units to maintain complete interchangeability of

the common circuits which occur in LGM, RLGM and RMC. Each PCB features

two stainless steel keying/guide pins integral with the connector; the orientation

of the pins is selected from the master Keying chart (see Figure 15-7).

The keying bushing will be inserted in the corresponding mating receptacle

in the W/W plate. A selection of a sintered stainless steel keying bushing has

been made to prohibit any chance of overriding the keying features and -,use

possible damage to the PCB.

An alphanumeric matrix for the location of DIPS was established which pre-

determines the location of the DIP to a grid pattern 0.7 by 1. 0 inches. The grid

allows adequate space between DIPs for interconnections and discrete components

such as diodes, resistors and capacitors while maintaining established locations

15-5
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compatible with automatic insertion equipment. The standard DGM PCB has a

DIP density capability of 61 ICS and a workable surface area, excluding the con-

nector and extractors, of 49. 5 inches sqvare. The PCBs are designed to meet

MIL-STD-275C, and MIL-P-55640 as applicable (see Figure 15-8).

15. 1. 2.1 Connector Description

The printed circuit board connector system used in the DGM equipments is

a two piece tyoe connector system of proven reliability and quality and is adaptable

to low cost - high volume production. This connector system is the same as used

on a number of previous and current Raytheon programs including TDMA (SATCOM);

SAM-D (MICOM); AEGIS (Navy); TARTAR-D (Navy), AN/TPQ-31 (Marine Corps);

etc. (see Figure 15-9).

15. 1.2.2 Extractor

The extractors selected are molded nylon and assembled to the PCB via

spring pins. In selecting the extractor particular attention was given to strength

for PCB removal, surface area for aiding insertion, and marking area for uniquely

identifying each PCB and its respective unit. To verify the adequacy of the ex-

tractor Raytheon conducted an ultimate load test, which is described in the follow-

ing paragraphs.

15.1..2.1 Test Method

0 Extraction Test (see Figure 15-10)

A typical DGM PCB (multilayer) was placed in a loading fixture ;_ad

inserted into a wirewrap plate simulated PCB - plate configuration). A telsile

load vas applied to the plastic PCB extractors by means of a Draw Bar Linkage.

Force required to extract PCB was recorded.

* Ultimate Load Test

The typical DGM PCB was secured to the loading fixture. A tensile

load was applied to the plastic PCB extractors by means of the Draw Bar Linkage.

Load was applied until the retaining pivot pin of the extractor bent/ejected.

Hardened drill rod was used to replace the extractor pin and tensile load was

applied until the drill rod sheared through the PCB. Forces were recorded for

each failure mode.

15-12



RAYTHEON 'COMPAN HON-
EQ0U iP M ENT Dl1vi ISI N

00

15 - 13



RAYTHEON COMPANY

E 0 U I P M E N T D 1 V I S 1 0 N
" 'D

14-

II.4, I I '

00

it

.4j

iZ ,..J ._ )

r1* o <1 ,

15 14 I-
w

-; +, -jl+

• oo 0

2: -~ , :i

-, , L, .,) . .,-

.!

~1t, ~-e- 0 5-04



N 0T

0.0

iti
'at

Li cc-lt-

0~~C Ii jO1L
15- 0



RAYTHEON COMPAN
EQ0U IP ME NT D I V 

k

fl Lil UPl 0) I

I-. 
UJC Id..l

Z~14

- ztj 0C) u

zu

CZr 1J)0 (0

L..o

CC 0 0

> 6 0

Z 0)

0 oUi

S 4

0 0

LLI.

uii

Nr W

b 00

___ 
(3C

15-16



z C

44

0 00

4- I

-4

15-17



RAYTHEON COMPANY

IE 0 U IP M E N T D I V I S 1 0 N rRYTEOI

15. 1.2. 2.2 Test Results (see Figure 15-11)

0 Extraction Load

Varies from 8 to 12 pounds.

0 Ultimate Loads

(1) Retaining/Pivot Pin Ejected: 256 pounds

(2) PCB Tear-Out Failure: 303 pounds

15. 1. 2. 2. 3 Conclusion

0 Extraction Loads

PCB extraction force of 8 to 12 pounds meets the requirements of

MIL-STD-1472.

a Ultimate Loads

DGM plastic extractors have more than adequate strength including a

large safety factor.

Primary failure mode (i. e., pin bends/ejects) is a desirable feature.

In the e-ent of misuse the pin fails, but the PCB is not damaged. Repair consists

of replacing the pin.

15.1.2.3 PCB Guide

The PCB guide system was selected primarily in an attempt to provide a

thermal path from the P,.,B io the equipment case. The guides are Be Cu, rivited

to a support plate which in turn is mounted to the equipment case via brackets and

hardware. The guide assembly is aligned to the w/w plate connectors and provide

mechanical support for the PCB during insertion and withdrawal.

Forward of the PCB guide is a nylon marker which provides initial align-

ment, coding, and marking surface for the identification of the proper PCB used

in that location. The coding provision is a raised portion of the plastic marker

& which prohibits the erroneous insertion of a PCB 180 degrees from the proper

insertion orientation (see Figure 15-12).
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a. Extraction Test

b. POB Failure

figure 15-11. Test Fixture
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15. 1.2.4 Chart, PCB Locations

A marking and location system has beei: established for DGM which uses the

forward surface of the PCB extractors, the marker strip forward of the PCB

guides (see previous paragraphs), and a locator chart. The locator chart (see

Figure 15-13) is a decal attached to the outside surface of the PCB cover which

identifies all internal PCBs, their switches and functions including rate selec-

tions, and fault indicators. The decal is capable of being marked by grease pen-

cil by the operator to identify the internal switch settings, frequency rates, or

operating conditions without the removal of the cover. Each unique unit has its

own PCB chart.

15.1.3 THERMAL DESIGN

15.1.3.1 Approach

Raytheon's approach to an acceptable thermal design of the DGM equipments

is based on the development of necessary guidelines at criticF.l points of hardware

design and their verification on the basis of empirical data ootained from a 4hermal

model simulating the thermal conditions within the units.

15. 1.3. 2 Preliminary Thermal Analysis

During the DGM Proposal Phase, Raytheon performed a preliminary thermal

analysis using a computerized heat transfer program (HEATNET) and the CDC

time-sharing Kronos 2 system. The resnlts of this analysis was used as a guide

io establish the basic design for the DGM equipments and to select parts/sub-

assemblies. It is noted that this basic approach for analysis was used by Raytheon

Lor the rD-1065 High Speed Serial Data Buffer developed under Contract DAAB07-

73-C-0071, the results of which were within 3 C from predicted to actual measure-

ments. The DGM shelter mounted equipments closely resemble the physical size,

shape, partitioning and fabrication methods of the TD-1065. Therefore, the same

basic thermal analysis could be applied to these equipments with a high degree of

confidence in the results.

Other design techniques to be used were:

. Use of MIL-Grade, selected components, i.e., 125 0 C IC's;

materials to withstand solar radiation effects and high-low tem-

perature degradations.
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0 Closed loop convection cooling with direct-to-z.mbient conduction

and convection cooling for PS.

0 Metals and plastics selected for specific proven qualification at

extreme low temperature; i. e., polycarbonate used has been

recorded serviceable after 24 h~ur exposures at -80 F.

0 Use of silicone rub1 er seals and gaskets rated not to set at levels

as low as -70°F,

The preliminary thermal analyses were subsequently updated for the DGM

shelter type units in an effort to establish thermal guidelines for use:

a. in the many tradeoff studies which were to be made

b. by the mechanical designer in selecting the configuration and the

key parts (e. g., card guides) of the units

c. by the system engineer/circuit designer in "partitioning" the units.

Based on the analysis the following gross levels were established:

a. Case Power Dissipation Levels

1. Maximum: 85 watts

2. Design Goal: 65 watts

b. PCB Power Dissipation Levels

1. Maximum: 4 watts

2. Design Goal: 2.5 watts

In addition, three sets of curves (Figures 15-14 through 15-16) were developed to

further guide the design engineers in the early phases of equipment design.

a. Total Internal Heat Dissipated

The three curves shown in Figure 15-14 are average internal air

temperature versus heat dissipated for sever'al different configurations.

1. Curve One (0% Conduction without openings in case) represents

the upper boundary condition for a fully enclosed shelter unit and would be approached

if little or no conduction was provided from the heat source to the case skin.
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2. Curve Two (73%o Conduction without openings in case) repre-

sents the lower boundary condition for a fully enclosed shelter type unit and re-

quires excellent conduction paths from the heat source to the case skin (e. g., use

of thermal planes; conductive card guides; many contact points between the card

guides and the case).

3. Curve Three (73% Conduction with 50% openings in case) is

the same as Curve Two except for the top and bottom of the case being 50% per-

2 forated or 50%6 open to vertical air flow (natural effects only). This was considered

a backup approach in the event we were forced to handle large heat loads. The

principle disadvantage are the added costs to include openings which are EMI

tight, and the EMI problem in general.

The absolute maximum internal air temperature, based on a

rather quick review of some components .,nd supplies was established at 1000C;

however, at least at the outset 85 C was selected as the upper limit to be used as

the design guide. Should we actually approach this level in the final design, care-

ful review of all components was planned to insure satisfactory part selection/

equipment operation.

b. Printed Circuit Boards (PCB's)

The two curves shown in Figure 15-15 represent boundary condi-

tions for the fully enclosed shelter unit. Assuming a maximum DIP junction tem-

perature 125 C, total allowable power dissipation on a PCB was 4. 0 watts or

approximately 64 mW per DIP or, the basis of a 61 DIP PCB.

The above condition assumed three PCB's located side-by-,ide
0. (-.-inch apart, with each PCB dissipating the same amount of heat (no latera!
heat transfer). In special cases more than 4. 0 watts per PCB could be handled

by locatng a "hot" PCB between two "cold" PCB's or "cold" surfaces. Similarly,

the DIP (or several DIPs) which dissipates ,i ore than 64 mW may require special

trcatrnent such as an individual heatsink and/or a location facing a 'cold" surface.

c. Temperature Difference versus PCB Heat Dissipated

The three curves shown in Figure 15-16 represent thermal im-

pedances at different points of a PCB.
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1. PCB Center to PCB Edge - This curve is relatively flat and

indicates that the conduction from the center of the PCB to the PCB edge is ex-

cellent (due primarily to the two thermal planes, i. e., the voltage and ground

planes). Not much total improvement will be achieved by reducing this impedance;

therefore no further efforts were required in this area.

2. Case Skin to External Air - Thi, is primarily a function of

the case size and finish which are essentially beyond Raytheon control. No further

effort was planned.

3. PCB Edge to Case Skin - This is a steep curve and accord-

ingly represents the key to the thermal problem.

Careful attention to detail design/construction was indicated

to maintain the power dissipation per PCB and IC within stated limits and to pro-

vide the necessary thermal conduction and convection paths required to retain

junction temperatures below 1250C.

15. 1,3.3 Shelter Equipments Characteristics

As a result of design progress since the completion of the Preliminary

Phermal Analysis, it has been possible to update physical and thermal character-

istics of the shelter equipments. The data used for design is tabulated in Tables

15-2 and 15-3.

In addition, worst case conditions prejected within each of the units insofar

as IC's are concerned have been identified aud are given in Table 15-4.

rhe information so accumulated was subsequently used to determine the
existence of any possible critical areas within the equipments from a thermal
point of view. The procedure followed in and the results of this determination are

discussed in paragraphs 15.1. 3.4 through 15. 1. 3. 6, inclusive.

15. 1. 3.4 Thermal Model

A thermal model was constructed to provide a means of verifying analytical

results by actual measurements of prevailing temperatures at critical equipment

points under different conditions of power dissipations within a unit.
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TABLE 15-2

SHELTER EQUIPMENTS CONFIGURATIONS

Case
Power Power

Dimensions in Number of Dissipation Density
Unit Type (H x W x D) PCB's (watts) (watt/in3 )

TGM Shelter 8-1/2 x 17-1/4 x 12 11 73 0.04

GM Shelter 8-1/2 x 17-1/4 x 12 13 65 0.035

RLGM/ Shelter 8-1/2 x 17-1/4 x 12 4 52 0.03
CD

HSCDM Shelter 8-1/2 x 17-1/4 x 12 6 56 0.03

LSCDM Shelter 8-1/2 x 17-1/4 x 12 6 49 0.027

MGM Sheltcr 14 x 17-1/4 x 12 25 154 0.088

Total power dissipation for unit includes a 15 percent safety factor.
Total power dissipation shown includes power dissipated on the power supply
heatsink.

TABLE 15-3

SHELTER EQUIPMENTS POWER DISSIPATIONS

Power Supply Total Inside

Unit PCBs Internal Heatsink Unit Unit

LGM(SYL) 19.8 25. 1 25. 1 70.0 44.9

MGM 100. 1 27.0 27.0 154.1 127.1

GM 42.0 11.3 11.3 64.6 53.3

TGM 47.3 12.8 12.7 72.8 60.1

HSCDM 23.8 16.1 16.1 56.0 39.9

LSCDM 19 8 14.5 14.5 t 48.8 34. 3

RLGM/CD 13.2 19.4 19.3 51. 9 32. 6
1_____ -- 3 51.9

Note: Based on limited measurements to date, power
estimated values shown above are conservative by
approximately 15 percent.
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TABLE 15-4

WORST CASE POWER DISSIPATION PER PCB

Highest Power Dissipa- Highest Power Dissipa-

Number of tion among PCB's tion among IC's

Unit PCB', PCB Watts IC mW

TGM 11 Microcontroller 6.71 54!LS175 60
SM-D-875945

GM 13 Dipulse 4.09 54S86 315
SM-D-875971

RLGM/CD 4 Cable Interface 3.60 -

SM-D-876258

HSCDM 6 Traffic Rec B 8.01 54S163 635
SM-D-876004

LSCDM 6 Traffic Rec B 4. 38 54S163 635
SM-D-876265

MGM 25 Format Generator 8.89 54S163 635
SM-D-875959

An actual TGM case was modified by removing its top and bottom surfaces

and replacing them with flat sheets of aluminum chromated on one side and painted

black on the other. This modification made it possible to determine any possible

benefit that could be derived from altering the surface finish.

Removing the top surface also provided a means to simulate the larger MGM

case by the addition of an upper section to the basic case.

Iheat sources were located with the thermal model such as to make it possible

to vary the heat distribution and its amount within the unit, with thermocouples

located at critical points to measure temperatures prevailing at them, including

those IC's located at different points of a PCB and dissipating anywhere from 100

to 335 mW each, with and without heatsinks. Data was taken and recorded in the

following pages.

The results were subsequently plotted in Figures 15-17 through 15-20, in-

clusive.
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15.1.3.5 Thermal Characteristics of Shelter Equipments

The results of the thermal experiments were then interpreted for the condi-

tions projected for the DGM shelter equipments, with total unit dissipations taken

from Table 15-3 :nd worst case conditions from Table 15-4.

The results plotted in Figures 15-21 and 15-22, and identifying expected

critical junction temperatures under these worst case conditions, show all of them

falling below the allowable maximum of 125C, provided heatsinks are added in

high power applications.

The results also indicated the necessity of using a fan with the MGM or else
the junction temperature may rise as much as 130C to an unacceptable figure in

excess of the lirhit. They also suggest that, as long as a fan is ,,sed as well as

heatsinks in critical locations, the internal power dissipation couid go up another

10 to 15 watts without causing the junction temperature to exceed the allowable

limit.

It should be noted that power dissipations assumed provided a 15 percent

safety actor.

15. 1.3.6 Conclusions

It can be safely stated that the design of the 8. 5-inch high units is sound

from a thermal point of view and that, with selective use of heatsinks, design and

performance goals will be attained.

It also became clear that a low noise, low power fan had to be used inside

the MGM located in the compartment above the PCB's to circulate the air. In

addition, buffers were provided so as to direct the coolant air more efficiently

past identified hot spots.
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15. 1.4 SHOCK AND VIBRATION

15.1.4.1 General

There are two major areas of concern when considering the design of the

equipment to survive vibration and shock: dynamic stresses in the structure,

and response of the structures and enclosed elements. Dynamic stresses always

represent potential problems since material fatigues at stresses well below the

yield strength of the mechanical/electrical part or wire connection. Also, exces-

sive deflections between mating or adjacent parts due to resonant response can

cause interference and/or subsequent damage.

Raytheon has acquired considerable experience over the years with this

type of equipment and Las developed guidelines and standards to be used to achieve

a lightweight vibration and shock-resistant design. These guidelines and a brief

discussion of each are presented below:

a. Natural frequencies of major structural items to be as high as (
practical with 60 Hz being the minimum. It is virtually impossible to design

manport ble/transportable equipment of this type which has no resonances within

the range of service frequencies (5 to 200 1Iz). Within the constraints of size and

weight, the frequency should be as high as possible with the major structural

elements having natural frequencies greater than 60 Hz.

b. Resonance conditions were analyzed and the stress levels

%%ere mainta ried at safe working levels. Static limit load factors are ap-

plied to static structural analysis so that the resulting stresses do not exceed the

yield strength of the material and thereby ensure that the equipment will function

in the dynamic environment.
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The limit load factors were determined from the vibration and

shocK requirements of MIL-STD-810 and from an estimate of damping in the

structure.

c. Printed circuit board natural frequencies must be at least 1. 4

times greater or less than the predominate chassis natural frequency. Parts are

located on the board so as to minimize the effects of the part weight (i. e., heavy

parts near edges and corners). Relatively large parts (filters, equalizers, etc.)

are mounted to the board with threaded fasteners. Relatively small parts (resis-

tors, capacitors, etc. )which weight more thar 1/2 ounce are "strapped" +o the

board so as not to depend upon their leads for support.

d. Cantilevered brackets are to be avoided whenever possible. If

they must be used, they are to be carefully designed and analyzed so as to achieve

an extremely high natural frequency (200 Hz design goal).

Protective features such as bumpers or mechanical extensions are used

to preclude the damage to any part during servicing, handling, or shock. Indivi-

dual subassemblies also feature protective elements and careful placement

within the outline of the subassembly such that the delicate components are pro-

tected by the structure, "roll over" handles, or by other components which can

take rough handling without damage.

Knobs, connectors and hardware are recessed within the structure for

protection. Any protrusion from the basic case/chassis is limited to rack

mounting angles and hook-up cables. Structures and protective features are

designed sufficiently rugged to withstand rough handling and normal sirvi ing

conditions.

15. 1.4. 2 Printed Circuit Board Analysis

An analysis has been prepared to determine the stress levels and the maxi-

mum displacements for the standard printed circuit boards used in the Shelter

Mounted DGM units. Results are given below and the detailed analysis is given

in the succeeding pages.

Natural Freq: Displ. Vibration Conditions: 0. 061 in.

Displ. 15 g shock: 0. 074 in. Margin of Safety: 3. 14 minimum
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15. 1.4. 3 Vibration and Shock Tests for Shelter Units

Vibration and Shock testing of the above equipment were performed in

accordance with paragraph 4. 2. 6. 2. 8 of TT-Bl -2202-0013 and were handled

in the following manner:

a. Fixture Design Analysis and calculations are consistent with

acceptable practices within the discipline, which result in the fixture complying

with test criteria identified below.

b. Tool control procedures apply to all fixtures or jigs in

accordance with Raytheon General Policies and Procedure #61-4350-142 in

conjunction with any specific Government agency requirements.

c. Formalized drawings are required for all fixtures or jigs in

accordance with MIL-D-1000. These drawings were approved by the cognizant

Raytheon engineer prior to release for fabrication bids.

The following procedure standardizes all fixture designs. Resonance

surveys were performed on each new fixture configuration prior to vibration

test. Once the reqoirements of this standard are met, no further fixture re-

sonance investigations %Nere necessary. A 17, 500 force pound electrodynamic

shaker system was set aside for these tests.

15. 1. 4. 3. 1 Fixture Evaluation Procedures

Sine surveys were performed in each of the three ,,rthogona] axes with

each fixture system assembled in the test configuration. The survey consisted

of: 1g, 5 Hz to 200 1-z, 1 oct/rin. Prior to fixture surveys an acceleron', ' r

response survey was performed on all accelerometers scheduled to be ut.'..-r

for these tests.

a. For this survey all accelerometers were mounted in one

direc-tion on the shaker. One accelerometer controled the performance of the

sine survey noted above. All acceleration responses were taped and plotted

according to Section 2.

b. Prim-iary areas of investigation were crosstalk of the fixtL~re

sybtem and verification of vibration input at the mounting points of unit under

test and conformed to NIIL-STFD-810.
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c. Fixture evaluations were performed utilizing the actual unit

or a mass simulating at least the mass weight distribution and CG of the actual

test unit.

d. Required data was obtained by the use of tri-axial clusters

of accelerometers at the most remote mounting points of the specimen.

The orientation of these accelerometers was identical to the

orthogonal axis designations for the test specimens.

e. The responses of these accelerometers was examined to

ensure that motion in any orthogonal transverse direction (cross talk) produced
by the fixture does not exceed the vibration input levels. (MIL-STD-810)

15.1.4.3. 2 Sine Survey Criteria

a. Data acquisition and reduction. The following procedure

also applied to actual test item configurations.

b. Data acquisition and reduction. A minimum of four input and

cross axes instrumentation points were used. In addition, capability to provide

response data of up to 18 response locations on the package was provided aj

necessary.

c. Accelerometer noise analysis was performed immediately

prior to the first sine survey. The analysis consisted of taping outputs of the

accelerometers (mounted in their correct location on the package) while the shaker

system is completely turned on and ready to run except for the gain which remains

in the minimum position and the oscillator at 5 cps or less.

d. Accelerometer outputs were sirultaneously and continuously

taped on magnetic tape utilizing a tape recorder with a frequency response of at

least 0 to 2500 cps at the recording speed which is to be used.

e. Data at all locations were plotted directly and continuously
from the tape producing plots of amplitude (g pk)vs frequency f (Hz).

f. All taped data were stored at least until Qualification Vibra-

tion Tests are completed to allow analysis of wave shapes should the need arise.
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g. Data Acquisition and Reduction. The combined accuracy of

the data accuisition ard play back system was within 10 percent of the true

values for both peak g's and frequency.

' 5. 1.4.3.3 Shock Test Fixtures

The shock fixture was capable of applying the specified (MIL-STD-810B)

shock in each of six directions along three axes with no ringing that would cause

peaks greater than the specified input level at frequencies up to 2 kHz. This will

be demonstrated by a Polaroid0 photograph of the input shock pulse at each input

location. The instrumentation used to observe the pulse was unfiltered to

2 kHz.

15. 1.4. 3.4 Shock Tests

The shock pulse also was recorded on magnetic tape at each of the input

locations and at least two other response locations in the package for a minimum

of six instrumentation points.

15. 1. 4. 3.5 Instrumentation

Vibration Tests. Tri-axial clusters described consisted of commercial

tri-axial piezoelectric accelerometers mounted on the appropriate faces of a

snall mounting cube. This cube is subsequently mounted at the desired location

on the test epecimen or fixture.

15. 1. 4. 3. 6 Vibration Tests

The test items were subjected i , all three orthogonal axes to the following

te3ts:

Test Level - 1.5 g (as limited by 1" P-P displacement)

Frequency Range - 5-200-5 Hz log sweep at I oct/min

Time Schedule - 5-1/2 hours/axis

Sweep Rate - 5-200-5 Hz in 12 minutes C

te level becomes 1.5 g at 5.4 1Iz or 1.277 g at 5 Hz
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The units were functionally tested before and after dynamic tests in

accordance with an approved test procedure.

Bench handling shock tests were also performed on these equipments in

accordance with MIL-STD-810B, Method 516, Procedure II.

13.1.5 EMI DESIGN

15.1. 5.1 General

The shelter mounted equipment is designed to meet the applicable re-

quirements of MIL-STD-461. A power line filter integral with an external hook-

up connector is mounted on the rear panel adjacent to an external grounding
stud. All access covers, power supply front panel, connectors and external

nounted components are gasketed and/or electrically and mechanically

bonded to control RFI. Conductive finishes are selected from MIL-F-14072.

The units are designed and constructed with adequate provisions for bonding

the unit to a subsystem ground plane. Bonding is not accomplished through

screws connecting the equipment to mounting racks. Bonding jumpers are of

the solid metal type and as short as possible. However, in no case is the

length to width ratio of the jumper in excess of 5 to 1. Bonding techniques

employed do not impede maintainability nor adversely affect interchangeability.

Surfaces being bonded together are prepared by removing all anodic film,

grease, paint, lacquer, dirt or other foreign and high resistance materials or

agents from the immediate area to insure negligible rf impedance between the

adjacent metal parts. Upon completion of the bonding assembly and ascertainment

of the specified 2. 5 milliohm bonding impedance, the completed assembly

refinished in accordance with MIL-F-14072. Other interconnecting cables re-

of the specified 2. 5 milliohm bonding impedance, the completed assembly is

refinislhed in accordance with MIL-F-14072. Other interconnecting cables re-

quiring a cross shield have a minimum of 90 percent shield coverage. The
conductive finish and employing an EMI backshell that provides for peripheral

bonding of the shield. When shielding alone is employed and design requirements

cannot be met, pin filter connectors would also be used. All panel mounted
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connectors and comoonents Pnl the nanel mating surfaces are free of non-

conductive finishes and provide positive bonding and grounding with mating

connectors and equipment ground plane. The bonding dc resistance of all con-

nectors and panel mounted components will not exceed 2. 5 milliohms.

The gasketing systems employed for the shelter mounted equipments do not

require rain or immersion seals and will use beryllium copper spring finger

stock. The rear access panel over the W/W plate is gasketed by spring

finger stock as is the rear protrusion of the power supply. Captive hardware

is located around the peripher% of the covers and panels spaced to provide

adequate RFI compression wichout causing vunnecessary hardware removal to

gain access to the subassemblies for replacement. Shield plates

between subassemblies as required to provide additional isolation of circuits.

Coaxial cables and feed through capacitors are used as required to control

critical signal runs. A detailed EMI desigi plan is outlined in the following

paragraphs.

15. i.5.2 EMI Envelope

The outer surface of each unit is defined as the EMI envelope for

design purp,oses (see Figure 15-23). To illustrate this envelope, imagine construc-

ting an enclosure by welding one-half inch steel sheet together. Before welding

the last sheet, the electronics and batteries are placed inside. The enclosure

becomes RF tight as soon as the last sheet is welded in place. From a practical

standpoint though, this configura'.ion would not be very useful, because components

was de-signed with sufficient RF Integrity to maintain the required shielding

effectiveness. The shielding of each enclosure was dftermined when the com-

effectiveness. The shielding of each enclosure

ponent parts of each are fully defined.

15. 1.5. 3 Unit Enclosure

Each unit hourcing .as designed and constructed to provide the required

shielding effectiveness. The impedance between any two points on the housing
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should be constant and as low as possible at any frequency. This is a.-

complished by using highly conductive mating surfaces, close mechanical toler-

ances, and rigid construction.

15.1.5.4 Grounding

Each unit utilizes a multi-point ground, i.e., all signals within the unit

are referenced to a large, easily accessible, low impedance surface area,

specifically, the equipment hoursing. Ideally a conductor which has zero impe-

dance can conduct infinite current with no differences in potential across the con-

ductor. This type cf grounding scheme minimizes -ommon impedance sharing

between circuits and provides maximum effectiveness from filters, shields, and

deco,:pling networks. Certain high level currents ithin tne system are routeo

thiough return wires as required. Each unit is provided with a power safety

grcrnd through its I/O connectors. Bonding impedances are less than 10

milliohms measured at dc. A diagram of this approach is shown in Figure 15-24.

Sq, 1. 5. 5 Ventilation

Where cooling air is required, honeycomb filters are used. For natural

convect;on and radiational cooling, perforations in the case are used. Aluminum

honeycomb is used for air openings - OQinicell (Tradename) is a configuration

which has proven reliable as an RF attenuator (>80 dB) up to 10 GI-Iz.

15. 1.;. u Printed Circuit (PC) Boards

PC boards with ground planes a .d more than three chassis ground connection-

are far superior to those with grounds which are interspersed among the inter-

connecting etches. The ground plane minimizes common impedance sharing

bet-,.een circuits on the board and also acts as an RF shield to rednce board-to-

board coupling. When multi-layer PC boards are used, a ground plane is a

pract:cal necessity, and is used.

15.1.5.7 Internal Wiring

r an equipment which processes only digital signals, the internal wirig 
arranger-tent is less critical, since practically any configuration is adequate
.owe'.-er, when an equipment prucesses digital, analog, and high-level continuous

r{
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wave (CW) signals, the layou+ becomes critical because of coupling within the

wire harnesses. The two factors which reduce cable coupling are use of shielded

cables which are properly terminated, and physical separation.

15. 1.5.8 Switches and Indicators

Switches and indicators become radiators of EMI through pickup on their

associated wires. These coupled signals can be eliminated at the switch or the

indicator by using bulkhead-mounted filters. However, the best method to eli-

minate radiation is to shield the indicator or to ground the shaft of the switch.

For the DGM equipments, all external switches will utilize grounded shafts and

all indicators and push-button switches will be shielded.I15.1.5.0 Connectors

Coaxial terminations (BNC, N, TNC, etc. ) are installed proper]y, i. e.,

no paint or other insulation material between the connector and the mounting

surface. The coaxial shields are terminated, using all wire strands, in 360

degrees. (
1 5.1.5. 10 Power Supplies

In an equipment, the power supplies (AC/DC or DC/AC) are a prime source (
of EMI in that they are inherently noisy and are conductors of the signals proces-

sed within the equipment. In accordance with preferred design practice, power

supply noise and operational signals at the power supply input were reduced to

the lowest possible levels througn design. This resulted in lower insertion losses

for the power-line filter, which reduces filter size and cost. A solid-grounding

approach helps reduce power supply noise.

15.1.5.11 Filter Installation

There are two major criteria involved with filter installation. First, the

output wires must be isolated (shielded) from the input wires by at least the in-

sertion loss of the filter; that is, if the attenuation of a filter as 1 MHz is £0 dB, (

then the output wires must be isolated from the input wires by at least 60 dB.

Second, the case of the filter must be rcftreuced to the same ground point as the

signals it will attenuate; that is, the RF i:npedanc. between the installed filter

V - 60,
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and the signal reference must be as close to zero as possible. This type of

filter installation achieves maximum insertion loss from the filter.

15. 1.5.12 Access Doors/Panels

Access doors/panels are perhaps the most difficult parts of an enclosure

to design for 60 dB or more of shielding effectiveness. For this reason, their

use is minimized in this program and where required, is kept as small

as possible.

15.1.5.13 RFGasket Screw Spacing

Screw spacing for the mating surfaces is selected in accordance

with Figure 15-25.

15. 1.5.14 Required Shielding Effectiveness

The highest, intentionally processed digital signal within the system is 20
MHz at 3 volts. Assuming a square wave (worst case) the envelope of the Fourier

Spectrum for this signal is shown in Figure 15-26 (solid line). If the space loss

(Figure 15-27) subtracted from this leveL, then the field intensity, at one meter,
is defined (dotted line). The space loss has been determrined through past test

experience. Thus the standard case must provide 80 d1 of shielding at 20 MHz

decreasing to 20 dB at 1 GHz. Since shielding effecAveness irr., roves below

10 MHz, no requirements need be specified.

15. 1.5.15 EMI Design

a. Shielded Enclosure - Each unit enclosure is designed to

provide 80 dB of shielding effectiveness. This provides sufficient attenuation

to reduce all radiated signals to levels below the MIL-STD-461A limits. The

details of these enclosures are discussed below. An exploded view of unit

frames are shown in Figure 15-28. The basic frame is dip brazed 'onstruction-
tion. The front and back covers were sealed with an RF gasket (inge,'
stock) and bolted into place. All gasket mating surfaces were finished

with i-ridite to prevent corrosion, but this finish will not degrade the shielding

effectivei.- as the gasket will bite into the frame when the covers are secured.

P
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The basic unit design has demonstrated adequate shielding

capability for meeting the requirements of MIL-STD-461A on programs such as

TD-1065, KG-27 and TD-660.

b. TGM, MGM, GM, LM, LGM, CDM & RLGM/CD - The TGM,

MGM, GM, LM, LGM, CDM & RLGM/CD is designed as shown in Figures

15-28 and 15-29. The unit frames, front cover, and rear panels are basically

designed the same. The difference in the back covers is strictly the number of

connectors each has. The gaskets for the back covers is finger stock as

shown in Figure 15-30. It was found during EMI testing of the TD-1065 that

finger stock on the back covers insures a good metal to metal contact between

the cover and unit frame, thus insuring that the cable shields which terminate

on the back covers are at the same ground potential as the unit frame.

The front covers have spring fingers as shown in Figure

15-30. All lights, meters and switches are shielded to insure RF tight

enclosure integrity. All cables are either double shielded twin coax or

RG-108 whose shields will be terminated around 360 degrees.

15.1.6 HUMIDITY, SALT ATMOSPHERE, FUNGUS

Humidity and salt atmosphere conditions as invoked and characterized by

the MIL-STD-810B tests can result in moisture migration and penetration and a

high level of corrosion. To achieve a humidity/corrosion resistant design, the

following design criteria are being used through all levels of design:

a. Use of non-metallic materials which are non-hygroscopic or

have very low water absorption characteristics.

b. Observance of the compatible couple requirements of dissi-
milar nmletals.

c. Use of protective finishes to increase corrosion resistance of

metals.

d. Corrosion resisting stainless steels for hardware.

e. All active semiconductor devices hermetically sealed.
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f. Use of conformal coatings (per MIL-l-46058) for printed

circuits to protect against corrosion and to inhibit shorc circuiting due to humi-

dity and/or dust.

g. Careful attention in the selection oi traditionally troublesome

components such as potentiometers and coils.

h. Careful control of printed circuit board materials and fabrica-

tion processes.

i. Use of non-nutrient materials in accordance with MIL-STD-454B,

Requirement 4, e.g., Gl0 Series PC Cards.

j. Sealed and pressure relieved case design.

k. Gasketed covers.

15.1.7 POWER SUPPLY INTEGRATION

The power supply is designed as a separable plug-in subassembly mating

with a rack and panel style connector at the rear and mounting via captive hard-

ware at the front of the equipment case. A finned (heat sink) rear panel of the

power supply protrudes through a gasketed opening in the equipment rear panel to

transfer heat directly from the power supply to ambient air. All operational con..

trols are mounted on the front surface of the power supply. Spring finger type

gasket provides the conductive interface between the front panel of the supply and

the equipment case. Spring finger stock provides the conductive interface at the

rear of the case where the power supply protrudes through into ambient air.
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15. 1.8 AN/GRC-103 MODEM

15.1.8.1 AN/GRC-103 Modem CaseDesign

The AN/GRC-103 Modem Unit physical desig_ is shovvn in Figure 15. 1.8-1.

It is in full conformance to the physical characterisics outlined in Chapter 15

for shelter mounted units and in physical appearance, size and configuration

greatly resembles the GM and TGM Units shown in Figure 15-2. The actual

dimensions, weight, power dissipation, and environe-tal requirements are

listed in Tables 15.1. 8-1, -2, and -:

15.1.8.2 Detail Part Design

The various parts, components or assemblies used in the configuration of

this unit are described as follows:

a. The case is identical to the part us~ed in the GM and TGM

Units unmodified.

b. The power supply is the same identical unit used in the GM and

TGM units unmodified.

c. PCB's are new design, but are full.- conforming to the standard

outline as described in Paragraph 15. 1.2 and shown in Figures 15-8, 15-9, and

15-10. Special consideration was given to controt =e heat within the component

limits so as not to decrease the MTBF of the unit.

d. The card guide system will be the same concept as described

in Paragraph 15. 1.2.3. The guide pitch is unique : r this design and incor-

oorates a connection technique for mointing the bar rer/divider used in separ-

ating the RED and BLACK1 PCB co:mpartments.

e. Wire-wrap plate design is similar -,- other like units except

,'at the so-called BLACK compartment circuit caral connectors and wiring was

seo:arated from the RED comapartment circuit card c cranectors and wiring. This

secnaration includes a separate power and ground b,,.i bar system for the RED

and BLACK PCBs.
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f. Rear connector panel configuration is shown in Figure 15. 1. 8-1
and 15. 1. 8-2. The BLACK compartment connectors are grouped to provide

separation from the RED compartment connectors on the rear panel and will also
feature wiring separation and isolation of the connectors which mate with the wire-

wrap plate assembly. In the BLACK compartment connector panel area, an RFI

tight module case, approximately 3" x 2" x 1" deep is employed to filter the

signal to the Radio I/O, see Figure 15. 1.8-3.

g. The front cover design is the same as other like units except

that the decal will be unique to illustrate the subassemblies and functions of

the 103 Modem.

15.1.8.3 Special Design Considerations

The main design effort on this unit was to effect an adequate BLACK/RED

compartment separation. Care was also taken to provide for critical signals
which carry high frequencies and their interconnections to circuit card con-

nectors and input/output connectors.

15-69d



RAYTHEON COMPANY
E 0 U IPMK E N T 0 IVI1S 0ON

14

00

a -I'

302 2N

44)

0'l co



RAYTHEON COMPANY RAYTHEON-

II

(3 V

.4>1

.f3

(\V)

.4 I

>rV)

-15-69



RAYTHEON COMFANY

E 0 U I P a E N T 0 1 V I S 1 0 N

15.2 PULSE RESTORER UNITS

15.2. 1 CASE DESIGN

After successful qualification and field testing of the TD-206 B/G pulse

restorer and a re-evaluation of the priority for the weight specification,

Raytheon utilized a similar basic case design philosophy for the LS and HS

pulse restorers (see Figure 15-31).

The body and covers were investment casted employing alloy Al A356-

T6 to maximize the strength to weight ratio. Modifications to the basic

TD-206 B/G to improve performance and reduce cost are as follows:

a. Integrate the UG-1837/U connector shell into the cast body

to delete the heavy stainless steel connector mounting nuts which require a

special spanner wrench, and eliminate an EMI and water seal.

b. Use the smallest possible orderwire connector.

c. Use clamps to secure the covers to the housing and thereby

improve producibility and reduce weight.

15.2.2 CARD DESIGN

Because of interference considerations, both the LSPR and HSPR contain

two identical PCB's separated by the aluminum center wall of the housing to

provide the required bi-directional capability. Electrical connections to the

boards are made via solder terminals and service loops to allow for ease of

assembly and repair. Where large components are mounted, additional

inechanical support is provided as part of the card assembly for structural

integrity. The three layer HSPR card is shown in Figure 15-32.

15.2.3 WEIGHT ESTIMATES

The weight breakdown is shown in Table 15-5.

15-70



(tz I

2 -C 3I

-CSETOND-O
10 E 4PL

/~l E 10A



11 P/0 T)D

.E6

-~ D OT E5

'7 -(J)I. PARTIAL REFERENCE DESIGNATIONS ARE SI-IOVW

- - FOR COMPLETE DESIGNATION, PREFIX WITH
10 UNIT NUMBER OR SUBA5SEM15LY DI)FGNATION(S)

ZFOR -,CI-IMATIC DIAGRAM SEE SMD--?GIor
3. FABRICAT E AND ASSEMBLE PER 5M-C-5?-2Y7a?

c 4. TEST IN ACCORDANCE vV17H' 5M-A-8-7r.10
A 5, MARK( I?- HIGHA BLACK CHARACTE-RS)GROUPMIOR~It

THZ PER MIL-NA-K3F31. LOCATE APPROX(IMATELY NWERESHOWN
~REMOVE Tsr.. A PPLY F IN D NO0.Z-? A ND 3 TO TI-IREADED SECTI ONS5

E OF SCREWS ( P'/0FIND NO.rQ AND FIND N-o. -

14.62 7. SPACE To BE PROVIDED AFTER THE SERIAL NUMBER,
REF mO0ADDA SUFFIX LETTER IF ;zEqUIRED BY CONTRACT

8. PEEL ADIAIE5IVE BACrING FRONvi FIND NO. 9 &Z-), ORIENT AND

B LOCATE CENTRALLY AS SH-OWN ON FIND NO. Z &~I
RESPE-CT'IVELY

9 ASSEMBLE FIND) NO. ?-5 AND!=INCD NO. ?-G DER QQ--?-81
P/ Z- P/~P L T70A TENSION OF ?-80Ot OL135

10. MARK SERIAL NO. PER NOTE. S

1 . 5TRtIP .36 ANDT71N7 Z.STRIP 12ANDTIN

P/OQ7 PL

A

RINK 5LY

~4 P L
Figure 15-31. Low Speed Pulse Restorer

(Sheet 1 of 2)

15-71



NOTE 5

15 A

D

B

17 RDERWIRE \ NOTEr6

c

4.(
Rf

5 SECTION B-B 1 0 0LGVIEW C-C 4 PL

SH 1 P SHI P/o 4 PL

(25) 1.50 FT t1.00 IN. LGZPL

NOTE 9 ePj

9 RESTOREP,PUL5E FORM TD-IP-16)
NOTE- 580063 ASSY SM-D-875935

SERIAL NO.[
MF R

CONTRACT NO.

DANGERU. S.

// 
L

LL ~ 
-00



RAYTHEON COMPANY
OTES EQ0UI PM E NT 0D1VI I5 0 N

D 
NOTE. 8___

NOTE. 6 O PE [I~E
NOTHEN 5

BOTHENDS4.00L0F PPEEDRSO R

REF n ,

N0TE 6
4PL

/OG4 PL VIE.W G-G
ROTATED 1130 0

SH I

G)?PL

WIRE FW: D DESC.RIPTION FRbM T0

NO. NO. A'"W PAR ATC OTE5
AW -ACOLOR LENGTHFlNo ART F DE FND NO. REF DES

__________13 
ZO RED 1.5 NOTEIZ JI-A NOTE II AIEIO

BLK T I IC _ El

~ULSE FORM TD-I?-I8 4 Z/ 9~- _ LK _1 _ _ 3-c I AIEJI

ASSY SM-D-875935 
5_011R --

ERIAL NO. 
G :30 1 GRA -1-11 JI-D A?- E

NO [ -7 k3 I RED I a- JZ.A_ AZEICO

CTNO. 
9 9 BL _ f JZ- 2

U. S. 
_ _5BKIIi2c

NOTES -7 &,0 10 ?9 BLK ___ U 32-c___ AEll__

1H 30 GRA I _ I J?.-D ___EZ -

I ? 30 GRA ' 2-5 Ai EZ

1 ~3 31 WHT _ 2- J3-A A AIE -

T4 3z 6RN _ 2 J3-8 AlE -

5 33 YEI. 12 J3-c A2E.13

U5IE A-A- j

5HRI Fi 6ure 15-31. Low Speed Pulse Restor
(Sheet 2 of 2)

15-7



_--- 8.435 REF

MASK

-MASK CLAMP MASK .30 DIA

$ \ ++

1- 1

~ +)+ + + ++1-+ 4C3 +~ +

NOTE116.NoE 12 NOT9 +

: . 66 (8)

2.TE 15 65+

REF REF

1R 28 [FA . 0 R
Ii "-gi @ E +q YP+AC E ... -- .. .

REF0 L ___-L_ _

REFl

010 MAX 0

REFREFSI

670

( I

i NOOTEi15

F-8RF 
N

-051 PAE



RAYTHEON COMPANYRYO
E 0 U I P M E N T D I V I S 1 0 N rATEO

MASK

.30 DIA
6 PLACES

BOTH SIDESN
NOTES:

b9 6-- 1.FARTIAL REFERENCE DESIGNATIONS

/I- -ARE SHOWN FOR COMPLETE DESIG-

7__32- ER NATION, PREFIX WITH UNIT NUMBER

+ OR SUBA3SEMBLY DESIGNATION(S)
_ S + -2.ASSEMBLE AND SOLDER PER

VR MIL-P-55640, OR FLOW SOLDER
PER MIL-S-4o844

C V3.MASK INDICATED AREA AND APPLY
C3 FIND NO.71

.001-.003 THK TO ALL EXPOSED
- [ SURFACES OF THE BOARD

"- 4.WHEN REQUIRED, HAND SOLDER PER
* I- + F2 MIL-STD-q45 REQUIREMENT 5

U 12.ASSEMBLE FIND NO. 70 BETWEEN

* HOLES A AND B AFTER TEST 5.FOR SCHEMATIC DIAGRAM

+ i= E1® 13,ALL COMPONENTS TO BE MOUNTED SO SEE SM-E-876I0q

THAT A PORTION OF THE COMPONENT 6.COMPONENT ORIENTATION SYMBOLi
6.1 E DENOTES EMITTER OR PIN I OF

BODY IS AS CLOSE TO THE PRINTED TRANSISTORS. POSITIVE END OF
WIRING BOARD AS PRACTICAL, WITH POLARIZED CAPACITORS CATHODE

E 14 THE FOLLOWING EXCEPTIONS
13.1 DUAL-IN-LINE PACKAGES TO BE EULTIOF DIDES

MOUNTED .010 MIN-.060 MAX ABOVE MULTILEAD DEVICES

SURFACE OF BOARD OMARK .09 WHITE CHARACTERS USING
13.2 TRANSISTORS SHALL BE MOUNTE2 NONCONDUCT I VE MATERIALS PER

.10 MAX ABOVE SURFACE OF BOARD MLM13] ROU L
8) -MASK TO AREAS SHOWN AFTER TEST 8.TEST IN ACCORDANCE WITH SM-A-87610

TOAESSONATRTS 9.MARK MFR CODE IDENT AND15 El THRU EIq 15.ASSEMBLE FIND NO. 66, 67 AND 68 .MRK PER OE 7
AFTER CONFORMAL COAT SERNO PER NOTE A

\f 16.ASSEMBLE FIND NO. 70 BETWEEN EITHER 0THE HIGHEST COMPONENT ABOVE I

-780 HOLE C AND APPROPRIATE HOLE AT PIN SURFACEN OFOARD IS C2 WITH
-2 I WI ~~MAX 2. 3o 49 5 OR 6 OF Ul OR HOLE ID AND FIDN.6MAAT70

FM , 3, q, 5 OL A PI 9t 109 11N 11. IDENTIFICATIONS WITHIN COMPONENTREF APPROPRIATE HOLE AT PIN 9. 10., OULNS O EDR, RI

12 OR 13 OF UI AFTER TEST PARENESI N E MR ID
.... -PARENTHESIS NOT TO BE MARKED

Z-SWAGE

Figure 15-32. High Speed Circuit Card
Assembly

15-73



RAYTHEON COMPANY

E 0UI PM E NT D I V I SIO N r

TABLE 15-5

PULSE RESTORER WEIGHTS (LBS.)

Components Target Actual

Housing 2.38 2.29

Covers (2) 2.00 2.12

Modified UG-1837/U
Connector Assys (2) 0.61 0.60

Shock Mounts (4) 0.85 0.64

Gaskets (2) 0.09 0.07

OW Connector and
Cap Assembly 0.04 0.04

CCA's (2) 0.86 LS/0.95 HS 0.66 LS/0.68 HS

CCA Mounting Hardware (6) 0.06 0.06

Straps and Seals (2) 0.18 0.11

Miscellaneous (Decals,
Lugs, Hardware, and
Wire) 0.05 0.05

7. 12 LS -.- LSTotal
7.21 HS 6.66 HS

Specified Maximum Weight is 7.5 Lbs. (3. 4 kg)

15.2.4 THERMAL DESIGN

15.2.4.1 General

The pulse restorer units dissipate relative low power and the thermal de-

sign is not considered critical. Power dissipations are:

High Speed PR: 3.4 watts maximum

Low Speed PR: 1. 3 watts maximum

A thermal analysis to determine the maximum internal temperature for the units

when exposed to the worst case thermal ambient (1250F air temperature plus

360 BTU/HR/FT 2 of solar radiation) has been performed and is given in the

section below.
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15.2. 4. Z Thermal Analysis Pulse Restorers

a. Conditions, operating

1. Temperature: -50°F to +1250F

2. Solar Radiation: 360 BTU/hr/ft 2

b. Power dissipated =*4 Watts (Max) = 12.8 BTU/hr

Use 4 watts; will yield conservative results

c. Configuration

Fo,- analysis purposes, assume the restorer be a cylinder 4. 0

inches diameter by 12 inches long.

d. Assumptions

1. The restorer is suspended by the cables. Then there is

no conduction path from case to ground or other surface.

(This will yield conservative results.

2. No heat is conducted away by the cables. (This will yield

conservative results.)
3. The effects of 360 BTU/hr/ft 2 of solar radiation in a 125 °

(52°C) ambient is to in essence raise the temperature from
1250F (52 C) to 160 F (71°C). (Ref.: Performarce Spec.

paragraph 4.2.6.3.1)

Note: This is considered to be conservative for this type
of item.

e. Calculations

1. Surface Area

A = 'DL "(4.0) (12.0)
s

A 150 in 2 = 1.05 ft 2

s

2. Thermal Resistances/Profile
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ti=INSIDE TEMP

to= 160OF

4 OUTSIDE AIR FILM Al ALLOY WALL
1/4"o THICK (AVERAGE)

(a) Assume 50%6 convected through walls.

(b) Assume still air (f =f. 1.65)

-R -+- +-
U ~ £ k f.

0 1

where:

U = overall film coefficient

f =film coefficient outside
0

f = tilm coefficient inside

X = wall thickness

k =thlermal condurtivity of wall

U 1.65 ~i1 1.65

0. 606 + 0 + 0. 606

-- 1.212U

U 2.825

Q UAA t

6.4 '1. 0 3) (0. 8 5) (A t)

At 7.2 F-8.0 0 F[ 15-76
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t = 160 +8"0 = 164 0 Fso 2
heat radiated

if)
e =0. 9, A =1. 05 ft 2 , F - 1.0

0 R .172(. 9) (1. 05 1[(i4 o (1040)4

-. 162 [(6.24) 4 (6.20O)4]

QR .162 1510.0 -1477.6)

QR = "162 (32.4)

QR = 5. 3 BTU/hr

This should be 6,4 BTU/hr, but this is close enough.

f. Conclusions

1. The interna y dissipated heat for the worst case combina-

tion of cund ions will raise fhe internal temperature

approximate y 8 0 F

2. Components z ould be selected for operation in a 76 0 C

(166 0 F ambient).

g. Local Conditions

1. Potential local conditions or hot spots were analyzed

using a 76°C (166 0 F) ambient.

2. Key components were reviewed as the design progressed

to ensure no local problem developed.
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15.2.5 SHOCK AND VIBRATION

15.2.5.1 General

The service condition controlling the mechanical design is the dynamic

load and resulting stresses developed from the 20-foot free fall drop test.

Particularly vulnerable to these forces are the electrical Lomponents mounted

on the printed wiring boards located within the structure as well as the housing

itself. Two major areas were encountered with the original restorer and must

be analyzed; (1) a structural analysis of the main housing, and (2) response

analysis of the electrical components due to the impact loading on the housing.

15.2.5.1.1 Housing

The restorer housing is the main structural member and subjected directly

to the impulse loading. Careful consideration was given to its design, parti-

cularly to factors which differentiate the impact problems from the problem of

static design that include:

a. Manner of load applicatior

b. Structural characteristics, including deflections and stresses

and effect of form and shape

c. Properties of materials as applicable to impact design.

Manner of Load Application. Three general features of the load application

process are important in determining the resulting stresses and deflections in

the housing: (1) time application of the load, (2) shape of load-time curve, and

(3) number of repetitions of the load. If the time required for the load to rise

from zero to the maximum (time application of load) is a small fraction of the

fundamental natural period of vibration of the housing, then the important charac-

teristic of the load-time curve is not its shape or maximum N alue of the load but

the impulse which equals the area under the load-time curve. In actual cases of

d.namic loading, the shape of the load-time curve is as much influenced by the (j
dynatmic response of the structure as by the nature of the load. Only experimental

methods can determine this load-time relationship. However, for the preliminary

analysis, previously obtained experimental data taken from drop tests on the first

gen, ration restorer was used.
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Number of repetitions of the load is of concern insofar as fatigue strength

of the part is concerned. In designing the restorer for this service, since six

drop tests are required, a special requirement is to hold to a minimum the

mass of the component as well as the mass of the parts supported, as actual

loading under shock results from inertial reactions of these masses.

Structural Characteristics. Under impact loading, the restorer housing will

absorb a certain amount of kinetic energy, which is temporarily stored in the

structure in the form of potential energy of deformation. In other words, the

resistance to impact loads is proportional to the amount of energy that can be

stored. In the design of the housing, two important considerations are em-

phasized; (1) parts for impact loads will be designed to have the maximum volume

of material stressed to the highest existing stress, and (2) surface irregularities

causing stress concentration will be kept to a minimum.

Properties of Material. Strength and ductility are the major material properties

considered in designing the housing for impact loading. It is a design re-

quirement that the housing will not deform permanently when subjected to the 20-

foot drop test, and consequently the material yield strength will be used as the

design criteria. Under this requirement of no permanent deformation, it is quite

feasible to use castings if stress concentrations are kept to a minimum.

Another important property in designing for impact resistance is the mo-

dulus of elasticity of the material. The strength of the housing is measured by

its ability to absorb energy without permanent strain. The maximum stress in

the housing is proportional to the square root of the modulus divided by the

volume. Thus, if the housing is made of aluminum having a modulus of

10, 000, 000 psi, it will have an impact resistance of V%/ times that of the housing

if it were made of steel with a modulus of 30, 000, 000 psi, provided the volume
is constant.

Impact Without Damping. Preliminary analysis on the proposed design indicates

that relatively large deceleration exists on impact without external damping. This

deceleration is determined by considering that the summation of the deceler-

ating force-deflection iiagram nmust equal the kinetic energy (KE) at impact, which

in turn equals the potential energy (PE). For a restorer weight of five pounds,
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PE = (20) (12) 5 = 1200 in. lb.

Simply, on impact, the restorer impacting surface represents a compres-

sion member, and therefore the deflection (Y) of this impacting surface must

react according to:

PL
"AE

where

P = applied load in pounds

L = length before loading in inches

A = area before loading in square inches

E = modulus of elasticity in pounds/in2

and then

PE = KEf max Pdy.
0

Solving this equation for the maximum load, it is found that P is approximately~max
equal to 36, 000 pounds. From Newton's second law, P = ma.max

P max W(Gmax )

G 7200 g'smax

The results of this preliminary analysis agree with previous experimental

and analytical data obtained on the original TD-206, a similarly designed equip-

rne nt.

Even though a damping tube shows large reductions in shock 1'ads, the same

reduction at component level, the most critical area, can be achieved through

internal isolation. Consequently, the approach taken is that external damping

(rubber tube) on the housing is not used with inherent savings in weight, size

and product cost, and improved storage and handling capability. Through ex-

ttnsive analysis and test, the housing is designed to survive the drop test

without structural failure by eliminating major stress concentrations and keeping

weight to a minimum. Considering nianufacturability, maintainability, and

Khielding effectiveness, a cast structural member is the best candidate to answer

all objectives of performance and cost in production.
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15.2. 5. 1. 2 Electronic Components

The response (deflection) of the components depends upon the damping and

the natural frequency or period of the component support part. Features of the

exciting function which are of particular interest are maximum amplitude, time
duration and approximate shape. The peak value of pulse amplitude is an index to
the intensity of dynamic loading, while the duration of the pulse is characteristic

of its frequency effect. Both of these parameters must be known to obtain the

response of the components.

Each component within the housing will respond in some degree to a pulse
loading because it has both mass and stiffness. Intensity of the response, how-

ever, depends on how close the component structural frequency is to the forcing
frequency. During the design analysis, natural frequencies of the components

will be determined. If natural frequencies coincide with the forcing frequency,

steps will be taken to reduce the stress levels by increasing component natural

frequencies and changing the supporting structure cross section by maximizing
the section modulus, the most efficient way to reduce stresses resulting from

impact loading.

For definition purposes, consider the restorer to have a hard axis (printed

circuit cards vertical on impact) and a soft axis (printed circuit cards horizontal

on impact). Maximum response of the components occurs when the transmitted
deceleration lies in the vertical or horizontal planes. Deflections and consequent-

ly stresses will depend on the ratio of the natural frequencies of the printed

circuit cards to the forcing function. This forcing function will be determined by

experiment. However, for the preliminary analysis, previously determined drop

test data can be used. This results in a deceleration time pulse for a ten-foot
drop test conducted on the previously designed restorer, where the accelerometer

was attached directly to the printed circu' board. Based on previous data and
observations, loads in the plane of the printe1 circuit boards are more significant

than loads normal to the boards, as the former cause bending stresses on compo-

nent attachments and the latter cause extension stresses.
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Each component and the method of mounting was analyzed individually

to determine whether or not it will survive the impact load without damping.

It was found necessary on the basis of test and analysis, to provide damping

and/or additional structural support to the critical components.

15. 2. 5. 1. 3 Structural Analysis

Analytical models of the components are selected based upon the fragility

level and the transmitted impact. The models define weight, geometry and stiff-

ness distributions at a series of nodes which in total describe the physical compo-

nent. By using NASTRAN, a computerized structural dynamic program, the

analytical models can be solved for natural frequencies and ,.iode shapes. From

the shock spectra data determined experimentally, loads can be selected for the

appropriate frequencies and a detailed stress analysis of the individual part

completed.

NASTRAN is a digital computer program for static and dynamic structural

analysis by the finite element approach. The program embodies a lumped ele-

ment approach wherein the distributed physical properties of a structure are re-

presented by a model consisting of finite idealized substructures or elements that

are interconnected at a finite number of grid points to which loads are applied.

All input and output data pertain to the idealized structural model.

A serious problem in dynamic analysis is the definitio.. reasonable

finite element model. Si:ice the computing times for dynamic problems can

easily be an order of magnitude greater than that required for static problems,

the selection of a model that is adequate for the solution but not too large is an

important consideration, NASTRAN provides for both the modal method and the

direct method of dynamic problem formulation. In the modal method, the vibra-

tion modes of the structure in a selected frequency range are used as degrees of

freedom, thereby reducing the number of degrees of freedom while maintaining

accuracy in the selected frequency range. In the direct method, the degrees of

freedom are simply displacements at grid points. The direct nmethod will usually C
be more efficient for problems in which the bandwidths of the direct stffness

matrix is small and for problems with dynamic coupling in which a large fraction

of the vibration modes are required to produce the desired accuracy. For
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problems without dynamic coupling, that is for problems in which the matrices

of the modal formulation are diagonal, the modal method will frequently be more

efficient even though a large fraction of the modes are needed. The choice of

method is one of the important user decisions.

15.2.5.1.4 Test Program

The importance of test programs cannot be emphasized strongly enough, as

the impact pulse cannot be accurately defined in magnitude, duration and form in

any other way. Simply, the purpose of the test was to acquire drop test re-

sponse data (real time shock input and shock spectrum) for the purpose of eval-

uating models with and without damping and using this response data in the analy-

sis for evaluating component reaction.

Each test model was instrumented with miniature accelerometers and

dropped from a height of 20 feet onto a four foot by four foot by two inch thick fir

platform. A sufficient number of drops was made to obtain correlative data.

In addition, photographs were taken of the real time shock inputs for detailed

study. This real time input is the actual deceleration level obtained from the

drop tests and, due to the nature of Lha test, are of a non-repeatable nature.

15.2.5.2 Preliminary Analysis

An analysis has been prepared to determine stress/acceleration levels,

and maximum displacements for the printed circuit board in the Pulse Restorer

when subjected to the 20 foot drop test. This analysis was coupled with previous

analysis and test data to establish the design conditions; results are summarized

below.

15.2.5.2. 1 Previous Test Results

The results obtained include the real time shock acceleration levels measured

on the GlO boards and the shock spectrum associated with this pulse for a five per-

cent damped single degree of freedom system. This data was obtained in three

orthogonal axes for locations on the G10 boards. The unit was dropped in various

orientations with the unit logitudinal axis being approximately parallel to the ground

(luring impact, and perpendicular to the ground during end drops.
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15.2.5.2.2 Development of Component Structural Loads

The prediction of detailed component structural loading for this type of

system and environment is extremely difficult on an analytical basis alone; there-

fore, the previous tests explained above were used in the development of represen-

tative component loads.

Test results obtained on the previous "hard" mounted design indicate a real

time acceleration level of 2500 to 4000 g's exists on the component boards when

the unit is subjected to the twenty foot drop test. It is reasonable to estimate the

same level would exist on the present design if it were "hard" mounted. It is now

possible to calculate at the equivalent spring rate supporting the boards if they

are considered as a single degree of freedom system. This spring rate would

account for the stiffness of the wooden test fixture, structural housing, and G10

boards temself. This procedure was followed and a spring rate of 11,719 pounds

per inch was calculated, for the "hard" mounted design.

In order to reduce the component loads, an isolation system was used.

This system was designed so that the energy of the isolated mass due to

the drop height can be absorbed without exceeding the displacement requirements

due to clearances. This isolation system has a spring rate of 12,569 pounds per

inch in a direction normal to the boards. The isolation system can be thought of

as a second spring in series with the initial spring calculated from the test data.

Since the two spring rates are now known an equivalent spring rate for the system

can be calculated. This was calculated to be 5, 065 pounds per inch. Now using

the equivalent spring rate, real time accelerations or, the boards can be predicted.

The detailed calculations of these analysis are summarized in Table 15-6.

15. 2. 5. 3 Drop Height-Effect on Component Loading

The results of a study for the direction normal to the boards are presented

in Figures 15-33 and 15-34. Curves (1) and (2) of Figure 15-33 show the dif-

ference between using and not using the isolation syst,-m. It can be seen that a
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TABLE 15-6

STRESS/ACCELERATION SUMMARY

Direction of Response

Xl X2 X3
Lateral to Perpendicular to Parallel to Length

Item Component Bd. Component Bd. of component Bd.

Isolation System 10,896 12,569 9,577
Linear Spring Rate
(lb/in.)

Isolation System 344 370 323
Natural Frequency
(Hz)

Displacement of (.191) .169 .191
Isolated mass due
to drop test (in.)
(clearance required)

Estimated real 1, 735 1,800 1,677
time acceleration
imparted to board
from drop tests (G's)

Estimated maximum 2,000 2,000 2,000
response to govern
individual component
design (G's)

20.0 foot drop with an isolated system is equivalent to a 10.4 foot drop with-

out the isolation system in terms of the loadings applied to the components.

Figure 15-34 shows drop height versus ''G" forces on the boards considering

the non-linearity of the isolation system. These results are not dramatically

different from the linear spring results of Figure 15- 33.

The design for the High Speed and Low Speed Pulse Restorer is similar to

that of the TD 206 B/G. Using these values, a curve of weight vs drop height

%,as generated and is illustrated in Figure 15,35.
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ISOLATED SYSTEM, KEQUIV =6,065 LB/IN

18- CURVE®2

HARD MOUNTED SYSTEM, KEQUIV =11,719 LB/IN

16- ASSUMPTIONS
A) SPRING RATES ARE LINEAR
B) BO0ARD ASSEMBLIES WEIGH 0 9 LB To rAL
C) INDIVIDUAL COMPONENT LOADINGS COULD
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Figure 15-33. P'lot of Drop Height vs. "G" Forces on Board (Lirear Spring Rates)-
x2Direction (Normal to Board)
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20-

NOTE:
THIS CURVE IS COMPARABLE TO

18- FIGURE 15-19 (LINEAR SPRING RATE). THE

DIFFERENCE BEING THE CURVE ON THIS
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SPRING RATE
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Figure 15-34. Plot of Drop Height vs. "G" Forces on Board (Non Linear Spring
Rates) - 2 Direction (Normal to Board)
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15.2.6 EMI DESIGN

15.2.6.1 General

The EMI design principles discussed in paragraph 11. 1. 5 for the Shelter

mounted units are applied to the Pulse Restorers as well. Differences or special

considerations relative to the Pulse Restorers are discussed below.

15.2.6.Z Gasket

The Pulse Restorers are of a cylindrical design with two removable covers

(see Figure 15-36). The basic design is the same as used on the TD-Z06 B/G

which successfully passed the EMI tests. Each cover is identical in size and

construction and contains a groove for the sealing gasket. The groove design pro-

vides for a positive stop to avoid excessive pressure and the stiff cover design

pr3vidcs uniform pressure to insure good contact at all surfaces. A conductive
"0" type gasket is used to provide the necessary EMI seal and a water seal to

insure watertightness when submersed in three feet of relatively cold water.

15. 2.6. 3 Finish/Connector Mounting

Other aspects of the EMI d( sign are the conductive finish, E512 per MIL-

F-14072, and integration of the cabi- connector shells into the mair housing.

These features greatly reduce the resistance at the respective mechanical inter-

faces.
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15. 2.7 OTHER ENVIRONMENTAL CONDITIONS

The following environmental requirements for the Remote Unattended Pulse

Restorer (PRs) influence the design beyond those previously listed under Shelter

Mounted Equipments, and the 20 foot drop test previously discussed.

The PRs are designed for immersion to a depth of three feet, and are

fally operable while unattended in inclement weather conditions, including rain,

dust, snow, sleet, etc. The electronics are sealed from the outside ambient

via combination RFI and water tight resilient gaskets at all openings/penetra-

tions. An "0" ring type gasket is used under the two covers and a positive

stop is provided to avoid "gasket set".

Rayfheor. is casting the housing with the cable connector shells as integral

parts. This eliminates an opening and an "0" ring at each of the two connectors

and thoreby simplifies the immersion design. Also, because the shell dimen-

sions which provide an O-ring seal around the plastic insert are now machined

(as opposed to die cast in the standard 'JG-1837/U connector) these seals

(occasionally problem areas in TD-206 B/G design) are greatly improved.

15.3 COU

15. 3. 1 CASE/CHASSIS DESIGN

The COU combination case is designed to meet MIL-T-4734; parts,

materials and processes will be selected in accordance with MIL-P-11268.

The case center section is fabricated from aluminum sheet and extrusions
welded or bonded together, while the covers (top and boctom) are fabricated

froy ABS and aluminum extrusions bonded together. The covers feature
the it_,xiale halves of the sealing extrusions and immersion-tight gasket, latches,

hlef of the separable hinges, protective/shock absorbing bumpers, and air

pressure relief valves. The case center features the male half of the sealing

extrt sions, latch receptacles, a carrying handle, a sling, and half of the sepa-

rable hinges. Tie top extrusion in the case ceoter provides a flange for

rloLlnting the chassis on a rain/1.MI gasket. The bottom extrusion in thL.. c. se

center provides a flange, to which is welded a shear plate. A fully sealed

battery compartment is incl,ided in the case center. Tihis compartment

at the two BA-5599( )/U batteries held thtc e are accessible through

15-91
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a rain tight door on the bottom shear plate. Because of possible build up of

corrosive gases from the battery, the compartment is vented directly to

the atmosphere through a pressure relief valve.

The electrical connection between chassis and batteries (case) is

accomplished via a bullpin guided connector.

The plug in chassis of the COU includes the front panel and is fabricated

from various aluminum sheet and extruded alloys designed to support and con-

tain the electronics. The chassis is a welded assembly to insure structural

integrity. Accessibility for assembly and repair will be a main feature of the

chassis.

The COU is finished in accordance with MIL-F-14072, painted olive

drab, color #24087 of FED-STD-595, except the front panel will be #26250.

Front panel marking will be Group I, conforming to MIL-M-13231. The selec-

tion of electronic parts, devices and related electronic techniques, technologies

and electronic materials, including microelectronic, is in accordance with

MIL-P-11268. Moisture-resistant controls and front panel components is

used in conjunction with gaskets and additional sealing to enable the COU to be

operational during inclement weather.

15.3.2 CARD DESIGN

The COU only contains two double sided PCB's approximately 30 in 2 in

size. Electrical connections to the ,-ard are made via a two piece connector.

In order to ek ;'Kct shock levels and deflections experienced by the components

to safe leve:* he boards will be adequately supported in ,ll planes and indivi-

deal components may be supported by clamps. Also, to allow for easy extraction

the board assemblies include extracting levers.

1 9
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15.3.3 THERMAL

The power dissipated in the COU is only 0. 15 watts continuous, and 3. 0

watts for extremely short periods. It was estimated that the temperature rise

within the enclosure due to equipment heat will be less than 1 0 C and may be

neglected.

Accordingly, then the internal temperature will be that induced by the 125 0 F

ambient air and the solar radiation, which will result in an internal temperature

of 160°F maximum. Components were selected to be compatible with this

temperature level.

15. 3. 4 EMI !)ESIGN

15. 3. 4. 1 General

The EMI design principles discussed in paragraph 15. 1.5 for the Shelter

Mounted Units are applied to the Cable Order Wire Unit. Differences or

special considerations relative to the COU are discussed below.

15. 3. 4.2 Front Panel

The front panel of the COU is rain tight in the operational position.

Accordingly the front panel to case gasket is a combination EMI and water

type gasket.

Similarly all front panel components (switches, lights, meters, etc. ) and

the penetration of the panel for these components are treated for water tight-

ness as well as EMI.
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15.3.5 OTHER ENVIRONMENTAL CONDITIONS

The following environmental conditions for the Cable Orderwire Unit

influences the design beyond those previously discussed for the Shelter Units and

the 48" transit case drop test which is discussed in paragraph 15.4.

15.3.5.1 Rain/Immersion

The units are fully closed 'units which maintain thermal control

by natural cooling techniques. This elimiiates the need for openings in the case

and greater simplifies the mechanical design/configuration for exclusion of rain,

dust, sand, etc. In essence, the problem becomes one of treating the front

panel and its components and the penetratione of the panel by these components

to exclude the rain. Also the battery compartment is rainproof,

This is accomplished by (1) selecting parts (e.g., lamp holders connectors,

switches, etc.) which are sealed type components, (2) using gaskets at each

panel penetration, (3) achieving a relatively uniform gasket pressure (5 to 10 psi)

between the panel and the case. Gaskets/seals are desigred to minimize gasket

set due to excessive bolt pressure and the low temperature conditions.

15.4 RLGM and RMC

See Volume II.

15.5 SUMMARY OF ENVIRONMENTAL REQUIREMENTS AND TESTS

A summary of the environmental requirements and the corresponding en-

vironmental tests for all DGM units is presented in Table 15-8.

(9
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Shelter Mounted Equipments Unattended Remo

LGM, LM, TGM, MGM, GM, CDM/LS, CDM/HS, RLGM/CD HSPR, I
Unit Design Test Design

Environmental Requirement Requirement Requirement
Condition (Spec. Para. 3. 2.5.1) (Spec. Para. 4. 2. 6. 2) (Spec. Para. 3.2.5.2)

High Temperature 1451F Operating MIL-STD-819B, Method 501, Proc. I, +1250F plus solar radiation MIL-1
160°F Non-Operating Step 4 to be 160°F and Step 7 to be of 360 BTU/Hr/FT 2 Oper- Step 4

1450F. ating, +160°F Non-Operating. 160°F
radiat

Low Temperaure -25 0 F Operating MIL-STD-810B, Method 502, Proc. I, -50°F Operating MIL- ,'
-70°F Non-Operating Step 2 to be -70°F for 2 hours mini- -70°F Non-Operating Step 2

mum after stabilization and Step 4 to mum
be -25 0 F. be -5(

Altitude 10,000 ft Operating MIL-STD-810B, Method 500, Proc. I, 10, 000 ft Operating MIL-1
40,000 ft Non-Operating. Step 2 shall be 40, 000 ft. Rate of 40, 000 ft Non-Operating. Step 2
Maximum rate of change change shall not exceed 2500 +250 Maximum rate of change shall
2500 ft/mm. ft/min. 2500 ft/mm.

Humidity Prolonged tropical ex- MIL-STD-810B, Method 507, Proc. II, Prolonged tropical ex- MIL--
posure. Operat.ng and Step 6 measurement to be taken in posure. Operating and Step 6

Non-Operating. last 5 hours of last cycle. Non-Operating. last 5

Dust Blowing dust particles. MIL-STD-IO0B, Method 510, Proc. I, Blowing dust particles with MIL_,wind speeds of 35 knots

Operating and Non-Operating. Steps 1, 2 and 3 wind velocity shall for remote equipment.
be lmited to 200 +100 ft/min. Operating and Non-Operating.

Salt Fog Salt-Sea Atmosphere. MIL-STD-810B, Method 509, Proc. I Salt-Sea Atmosphere. MIL-c
Non-Operating. Operating Configuration. Non-Operating. Opera

Fungus No fungus nutrients. MIL-STD-810B, Method 508, Proc. I. No fungus nutrients. MIL-1
Non-Operating. Non-Operating.

Vibration and Shock Vehicular transport over Vibration 1.5 g's, 5-200-5 ltz cycle, Common carrier transport. Bounc
rough roads and cross- sweep rate 12 minutes, 5-1/2 hours Non-Operating. Proc.
country terrain, common per axis. Shock 15 g half sine 11 ms 5-200
carrier transport servic- pulse, 6 shocks per axis, bench utes,
ing. Non-Operating. handling. MIL-STD-810R, Method

516.1, Proc. V.,

Shock Drop Rough handling, 6 drops MIL-c
from 20 ft. excepi

Rain Fall

inmersion At a depth of 3 ft for 2 hours. MIL-'
Non-Operating. immei

shock

4a!
/ . .. . .
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Table 15-8. DGM Equipment Environ-
mental Design and Test
Requirements

Unattended Remote Equipments Remote Equipments

HSPR, LSPR RLGM, RMC, COU

Design Test Design Test
equirement Requirement Requirement Requirement

c. Para. 3.2.5.2) (Spec. Para. 4.2.6.3) (Spec. Para. 3. 2. 5.3) (Spec. Para. 4. 2. 6.4)

tplus solar radiation MIL-STD-810B, Method 501, Proc. II, +125°F plus solar radiation MIL-STD-810B, Method 501, Proc. II,
ITU/Hr/FT2 

Oper- Step 4 to be 1601F and Step 7 to be of 360 3TU/Hr/FT2 
Oper- Step 4 to be 160°F tnd Step 7 to be

160°F Non-Operating. 160°F (this includes the effects of solar ating, +160°F Non-Operating. 160°F (t'iis includes the effects of solar
radiation), radiation).

Operating MIL-STD-810B, Method 502, Proc. I, -50°0F Operating, -70'F MIL-STD-810B, Method 502, Proc. I,
on-Operating Step 2 to be -70°F for 2 hours mini- -70°F Non-Operating Step 2 to be -70°F for 2 hours mini-

mum after stabilization and Step 4 to mum after stabilization and Step 4 to
be -50

0
F. be -50

0
F.

ft Operating MIL-STD-810B, Method 500, Proc. I, 10,000 ft Operating MIL-STD-810B, MAthod 500, Proc., 1,
,ft Non-Operating. Step 2 to be 40, 300 ft. Rate of change 40, 000 ft Non-Operating. Step 2 to be 40, 000 ft. Rate of change
um rate of change shall not exceec. 2500 +250 ft/mm. Maximum rate of change shall not exceed 2500 +250 ft/min.
/min, 2500 ft/min.

ged tropical ex- MIL-STD-81013, Method 507, Proc. III, Prolonged tropical ex- MIL-STD-810B, Method 507, Proc. III,
Operating and Step 6 measurcments to be taken in posure. Operating -nd Step 6 measurements to be taken in

perating. last 5 hours of last cycle. Non-Operating. last 5 hours of last cycle.

gedust particles with MIL-STD-810B, Method 510, Proc. I. Blowing dust partic'.es with MIL-STD-81013, Method 510, Proc. 1.
pote e pments wind speeds of 1750 ft/mn.

ntig and Non-Operating. Operating and Non-Operating.

a Atmosphere. MIL-STDI-810B, Method 509, Proc. I, Salt-Sea Atmospihere. MIL-STD-810B, Method 509, Proc. I,
perating. Operating Configuration. Non-Operating. Operating Configuration.

gus nutrients, MIL-STD-81013, Method 508, Proc. I. No fungus nutrients. MIL-STD-810B, Method 508, Proc. I
perating. Non-Operating.

on carrier transport. Bounce MIL-STD-810B, Method 514. 1, Field :ransportation by Bounce MIL-STD-810B, Method 514. 1,
perating, Proc. XI, Part Z. Vibration 1.5 g's, military vehicles and rough Proc. XI, Part 2. Vibration 1. 5 g's,

5-200-5 Hz cycle, sweep rate 12 mn- hanling. Non-Operating. 5-200-5 Hz cycle, sweep rate 12 min-
utes, 5-1/2 hours per axis. utes, 5-1/2 hours per axis.

handling, 6 drops MIL-STD-81011, Method 516. 1, Proc. II, Rough handling, 26 drops MIL-STD-810B, Method 516.1, Proc. II,
20 ft. except 6 drops from 20 ft. from 4 ft. (4 ft drop).

Heavy precipitition with MIL-STD-810B, Method 506, Proc. I,
intermittent w nd operating. operated in last 10 minutes of 30 minute

period.

epth of 3 ft for 2 hours. MIL-STD 4I103, Method 512, Proc. l, At a depth of ft for 2 hours. MIL-STD-810B, Method 512, Proc. I,

_-pe rating. immersion before and after vibration/ Non-Operatin immersion betore and after vibration!
__shock testing. shock testing.
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15.6 ENVIRONMENTAL TESTS

Each DGM equipment was tested in accordance with the requirements of

paragraph 4. 2. 6 and Table III of the specification. The tests performed,

the sequence of tests, and the number of test samples to be used are described

in the following paragraphs, quoted from MIL-STD-810.

'Prior to conducting any environmental condition tests, the equipment shall

be operated under the following conditions: temperature 770 +50F; humidity 50

- :;'"J; and barometric pressure corrected to between 2b and 32 inches of mercury.

Data will be recorded to provide criteria for checking satisfactory performance

during and at the conclusion of each of the environmental condition tests when re-

quired. The operational tests will Ue in accordance with MIL-STD-810." Figure

15-37 is the proposed environmental test schedule.

'The tests have been sequenced in accordance with Table III (Test Sequence I
for Limited Sample Size) of TT-B] -2202-0013. Parallel testing has been utilized

wherever possible, e. g. , combining units for exposure to the climatic environ-

ments, to achieve the most efficient use of personnel and facilities within the

sequencing constraints of Table III of TT-Bl-2202-0013. Two of each unit will

be used for these tests. A larger test sample size may be used depending upon

the availability of EDM equipments at the start of the PQT program. Also a

number of units may be combined for exposure to the climatic environments de-

pendent upon program and test schedules at the time of test.
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SECTION 16

* , MAINTAINABILITY

16. 1 GENERAL

Al DGM units which provide communication functions share essentially a

single packaging concept consisting of a power supply and a number of PCB

- - in each unit. These units, or boxes, have requirements for Met of

15 mintes or less and Mmax ct of 30 minutes (95th percentile). Units which

are exempted from the maintainability requirement either do not provide a pri-

mary communication function (cable orderwire unit) or are repaired by replace..

men" (i--gh Speed Pulse Restorer and Low Speed Pulse Restorer).

With the common physical packaging and built-in fault detection, DGM units

falling ander the maintainability requirement have essentially the same MTTR at

the organizational level. A preliminary maintainability estimate for MTTR, used

here =ynonymously with RctM showed that DGM units furnished by Raytheon would

have no difficulty in meeting the Met requirement of 15 minutes maximum, for

fault diagnosis, repair, and checkout. Administrative delay time is not included

when determining corrective maintenance time.

16.2 SPECIAL MAINTENANCE FEATURES

Raytheon's designs for the DGM family of units exceeded the

Mt requirement of TT-Bl-2202-0013, by a significant margin. This was made

possible by incorporating those maintainability features which provide:

0 Quick means of detecting and isolatin- faults to the replaceable

assembly level and using LED indicators on power supply assemblies and PCB

assemblies.

* Ease of access to all replaceable assemblies in units located

at the operating site.

* Speed of assembly interchange and checkout.
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None of the features requires special skill levels to implement - all are

well within the capabilities of service personnel using the equipment at organiza-

tional level. In addition, repairs to DGM replaceable assemblies at depot or

repair locations are facilitated by the test points and fault LEDs on assemblies

which require troubleshooting.

16.3 MAINTAINABILITY PROGRAM TASKS

The maintainability program for t-, DGM family of units was based on

MIL-STD-4"9 as required by paragraph 4. 1 of the DGM SOW. Program tasks

elements which were included are as follows:

16.3.1 MAINTAINABILITY PROGRAM PLAN

This was submitted as CDRL and defines the maintainability program mile-

stones and planned activities in accordance with the requirements of MIL-STD-470.

16.3. 2 DESIGN REVIEWS

Design reviews are an integral part of EDL's approach to equipment design,
They provide an additional program vehicle for validation of equipment design prior

to the production phase. The Policies and Procedures on design reviews currently (
in effect at EDL will be followed as they apply to the appropriate phases of design

'ctiv.ty.

The design reviews will be conducted with Raytheon management and with (
the procuring agency to influence the design decision-making processes at an

optimal time considering dollar and schedule impact. Product Assurance person-

nel will contr'bute constructively toward design improvement in reliability, main-

tainability, and maintenance cost. Published minutes of meetings, listing recom-

mendations and requirements for further study close the loop on the design review

process.

Review of design plans, engineering drawings, and specifications is coniduc-

ted to insure that the fault monitoring, ease of maintenance safety, test equipment

and tool guidelines are adhered to in the hardware design and major vendor pur-
chase specifications. The focus of this effort is to prevent maintainability design

discrepancies which may lead to problems. Design tradeoffs will be evaluated

on the maintainability merits. Maintainability information will be inputted to

tormnial and informal design rev;'ews.

16-2



RAYTHEON COMPANY
E Q U I Po M E N T 0 1 V I S 1 0 N

16.3.3 MAINTAINABILITY ANALYSIS

This task involves allocation of quantitative M requirements to all significant

functional levels of equipment and evaluation of the degree of achievement of M

design requirements. Maintainability predictiuns and periodic updates will be

performed to determine that the evolving design conforms to allocated maintaina-

bility values. This was accomplished by compiling all the basic data required

in making a prediction for each DGM unit. The basic data include task tinmes for

fault location, fault isolation, LRU access and removal, replacement and check-

out. Aloo included are effects of tools, manpower and failure rates for weighting

repair times in the MTTR computation. Predictions for M ct and Mmax ctwere

also computed. Prediction procedure III of MIL-HDBK-47Z was applied.

Preventive maintenance (PM) procedures were defined and evaluated against

PM requirements. These data were submitted as part of the Maintainability

Report, CDRL item F009 through F021, less F019,

16.4 MAINTAINABILITY DEMONSTRATION

16.4. 1 MAINTAINABILITY DEMONSTRATION TEST PLAN

A Maintainability Demonstration Test Plan was written in accordance

with MIL-STD-471 Test Method 1, Plan B as defined per paragraph 1. 2. 9. 1 of

specification TT-Bl--202-0013 and s~ibmitted as CDRL F024.

16.4.2 MAINTAINAI3LITY DEMONSTRATION TEST.

Upon approval of the Maintainability Demonstration Test Plan, the test was

conducted in accordance with MIL-STD-471 paragraph 4 and with the approved

plan at the Equipment Division Laboratories.

16.4.3 MAIN 2AINABILITY DEMONSTRATION TEST REPORT

At the completioit of the Maintainability Demonstration Test, a final report

v,.'as written and submitted as CDRL F005.
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SECTION 17

NUCLEAR DESIGN

This information is contained in the Technical Report Final Type-Nuclear

CDRL Seq. No. G001, dated 13 February 1979. The Technical Report is

classified.

41
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SECTION 18

EMI DESIGN

18.1 SHIELDED ENCLOSURE

Each unit enclosure is designed to provide 80 dB of shielding effective-

ness. This provides sufficient attenuation to reduce all radiated signals to

levels below the M!L-STD-461A limits. The details of these enclosures are dis-

cussed below. An exploded view of unit frames are shown in Figure 18-1. The

basic frame is dip brazed construction. The front and back covers are sealed

with an RF gasket (finger stock, see Figure 18-2) and bolted into place. All

gasket rcatirg surfaces are finished with irridite to prevent corrosion, but

this finish has riot degraded the shieldng offectiveness as the gasket bits into

the frame when the covers are secured.

The basic unit design has demonstrated adequate shielding capability for

meeting the requirements of MIL-STD-461A on programs such as TD-1065, KG-27,

and TD-6$0.

All lights, meters, and switches are shielded to insure rf tight

enclosure integrity. All cables are either double shielded twin coax
or RG-108 whose outer shield will be terminated in 360 degrees.

18.2 FILTER SELECTION

Each unit has a power line filter with a 3 dB point at 2. 8 KHz, 36 dB

at 10 kHz, and 80 dB fro, -. 50 kHz and beyond. Based upon past experience on

TD-660 and TD-1065, these filters insure that no EMC problems will occar

when tested with either 50 Hz or 400 Hz power.

18.3 RMC AND RLGM EMI DESIGN

A combination case is used to ;pckage the RMC and RLGM electronics and

is designed as an integral electronics chassis and equipment case. The case is

an aluminan wraparound with extruded front and rear seal interfaces mating

through quick release la-ches to front and rear energy absorbing, vacuum foamed

ABS-polycarbonate covers.
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FRONT VIEW

FINGER
STOCK(

FINGER STOCKCOE

SCOVE R

FINGER STOCK

Figure 18-2 RF Gasket Configuration
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Electronics are removable from the front, allowing replacement of plug-in

PCBs and power supply without removing the unit from the rack. The power

supply is installed from the front with the aid of guide rails and pins engaging Q
a rear mounted connector. All operational controls are located on the front

panel of the supply (see Figure 18-1). A combination EMI and environmental gas-

ket is provided on panels and covers. The units are designed to provide 80 dB

of shielding at 20 MHz. The EMI/dust seal is an EMI and environmental type

gasket, Instrument Specialties Company "Sticky Fingers".

The rear mounting plate provides all 1/0 connectors and a cutout to allow

the power supply heat sink to protrude through. MS connectors will be harnessed

to the wire-wrap plate and the power supply. Access to the rear connectors is

not required during unit operation.

Size of the RMC and RLGM will be 8-1/2 x 12 inches, compatible to 19-inch

rack mount width.

The power line filters have the following attenuation characteristics:

Frequency Insertion Loss

2.8 kHz 3 dB

10 kHz 36 dB

50 kHz 80 dB

The EMI design of the RMC and RLGM is similar to that of the switchboard

SB-3614-TT which successfully met the requirements of MIL-STD-461A.

18.4 CABLE SYSTEM EMI

Ninety percent of all the energy in the 19 Mb/s high speed restorer and

2. 304 Mb/s low speed restorer signals are contained in the first ten (10) harmonics.

Therefore, in order to reproduce these signals, the first ten harmonics must be

passed, i.e., for the high speed frequencies up to 200 Mb/s and 23 MHz for the

low speed. For this reason, Raytheon's design used output filters which

have a 3 dB point at 200 MI-lz for the high speed restorer and 30 MHz for

the low speed restorer.
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The Fourier spectrum of the waveshape associated with the high and low

speed restorers is shown in Figure 18-3. The expected emission levels, with

the filter insertion loss characteristics included, are compared to the MIL-STD-

461A, Notice 4, limit as shown in Figures 18-4 and 18-5. The shaded area is the

expected shielding effectiveness of the cable shield. The space loss is subtracted

from this level, then the field intensity at one meter is defined. The space loss

has been determined through past test experience.

Past experience (TD-206) has demonstrated that the GFE cables associated

with the pulse restorers, CX-11230, do not have sufficient shielding to meet the

requirements of MIL-STD-461A, Notice 4,
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SECTION 19

BITE CARD

The Bite card is used by each of the DGM units to locate faults internal to

the unit, to detect the loss of signal from the CX- 11230 cable and to provide the

appropriate alarm activating signals. Internal faults are isolated to the card

or replaceable module level. The card functions are adapted for each of the

five units by addressing a stored program. All the programs are stored in one

onboard 512 x 8 bit PROM. The appropriate unit program is addressed by hard

wiring a three bit code on the Bite connector of the unit.

The program for each unit is 64 words long. This is enough to accommo-

date the requirements of the most complex unit, the MGM, which at present

requires at least 48 words, for the 24 cards to be monitored for faults. This

excludes the Bite card which has its own internal fault monitoring circuit.

The Bite card enables the following indicators in various combinations de-

peading on the type of fault.

a. Summary fault lamp (unit front panel)

b. Individual card LED

c. Loss of unit input LED on the Bite card

d. Relay contacts S, SA and LS which are made available

external to the unit through a connector.

A block diagram of the Bite card is shown in Figure 19-1. Signals to be

processed are carried on an eight line buss. An address line is provided to select

the card to be tested. A card under test can route both fault monitoring points

and unit input signals to the Bite card. A card fault is stored in a latch if an

input signal is missing or there is a loss of signal at the fault monitoring point.

When a fault is detected the summary fault lamp is enablcd and the appropriate

relay contacts are activated after a one second delay. The LED enable line is

activated for the card with the fault, and if the fault is due to a missing input, an

LED on the Bite card is also activated. The faults are priority encoded on the

19-1
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basis of an address assigred to the card. Address 1 has the highest priority

with the following addresses having successively lower priority down to Address

24.

Timing for the Bite circuit is independent of the unit timing. A 256 Hz

clock is generated using a multivibrator. The 256 Hz is counted down in a mod-8

counter. The output of the mod-8 counter is decoded. Two outputs of the decoder

are combined to form a 64 Hz clock. The 64 Hz clock is applied to the mod-64

counter which addresses the PROM. The PROM is addressed twice at the start

of the dwell time of each card under test. This is because it takes two words

out of the PROM to set up the processing conditions for each card. The first

word out of PROM is loaded into an eight bit latch. This word enables the address

lines. The second word out of the PROM directly enables the signal input proces-

sing circuits. The mod-64 counter counts down the 64 Hz to 1 Hz. The 1 Hz

clock is used to implement a one second timer. The dwell time at each card is

31.25 milliseconds and the Bite cycle ime is 1 second. The 1 second clock is

further counted down to produce a pulse which repeats at a 4 second rate.

19. 1 INPUT SIGNAL PROCESSING

There are four signal processing options which are made up of combina-

tions of activity detectors and direct inputs. The activity detectors can monitor

activity of signals ranging from 18 MHz to 100 Hz. On a direct input a "1" on
the buss is "no fault" and a "0" is a "fault". Direct inputs on buss inputs will

latch to the fault condition if the signal goes to a "0" during the dwell time.

These inputs can be used to detect the out-of-lock condition of a phase-locked-loop.

The desired signal processing combinations are obtained by programming

the detectors of lines 5, 6, 7, and 8 to accept either active signals or direct

inputs. Buss lines one through four are always connected to activity detectors.

These detectors can be inhibited by programming the BB ENBL line out of the

PROM to a "0" if a four bit buss line is desired. The PROM bits which select

the combinations are IP1 and IP2.

With the combinations available the number of active buss lines can be pro-

gra-.-med from one to eight. For exanple, for a one line buss, BB INHBT is set

to 0' and IPI and IP2 are set to 01 respectively, thereby making BB5 the only

active input. BB6, BB7 and BB8 operate , s if dc inputs are present.

19-3
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19. 2 UNIT INPUT SICNALS

Unit input signals are applied singularly or in pairs to detectors five and

six and only in pairs to seven and eight. The signal from the CX-11230 cable

is routed to the Bite card on line seven. Buss input seven has an additional

detector enabled by the LSENBL from the PROM.

A loss of i-rut is treated like any other fault except that the LOI LED on

Bite card is also enabled. Loss of cable signal enables the LS rlarm and inhibits

the SA alarm. On cards which do not have unit inputs, detectors five through

eight can be used to monitor circuit faults.

19.3 BOARD IDENTIFICATION

Cards within a unit are identified as either common or group gards in

order to program the BRD ID bit. When a group card is removed from the unit

or when it is idle the Bite should not go into alarm. To make this happen a "0"

must be on buss line eght and the BRD ID but must be a "I". The BRD ID bit

for a common card is a "0". When it is removed from the unit the Bite will alarm.

19.4 SPECIAL SIGNALS (
Units which have framing circuits as in the MGM and TGM should apply the

out of sync indicator to line six. The sync detector output is applied to a storage (
register which is enabled by SYNC ENBL from the PROM. If an out of sync is

detected the S faults to the SA alarm are inhibited.

There are signals in the MGM and TGM units which are detected on the

group card but must signal a failure on a common card if the sign.l is missing

and the group is in ,ise. These signals are applied to detectors one and two.

Two separate storage registers on the outputs of the detectors are activated by

programming the GRP SIG ENBL to a one. The st-itus of the signals are stored

as the BITE sequences through the group cards. After the last group card is

checked, an address line is enabled and the contents of the group signal status

registers are transferred to the register which stores the common card fault.

The common card address is applied to the group signal status registers by

wiring an ADD line to ADD-A, ADD-B and ADD-C. ADD-A and ADD-B inputs

are OR'd. This makes it possible to check the group status register twice within

the Bite sequence and have the contents transferred to ADD-A and then to ADD-B.

[1 19-4
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The following separate inputs are provided. in each case a "I" is "no

fault" and a "0" is a "fault".

a. TGM TEMPEST Module Fault (TGM TPST MOD)

b. Power Supply Out of Tolerance (PWR SPL TOL)

c. Alarm Test (ALRM TST)

The ALRM TEST enables the S, SA and LS alarms.

19-5
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APPENDIX A

IC CROSS INDEX

Specification Manufacturer's

Number Description Part Number

SM-A-876190 Quad 2 Input 1OR 54LS02

SM-A-876191 Triple 3 Input NOR 54LS27

SM-A-87b192 Triple 3 Input AND 54LS11

SM-A-876193 Quad 2 Input Excl OR 54LS86

SM-A-87b194 2 Wide 2 Input AND/OR Invert 54LS51

SM-A-87b195 Quad 2 Input NAND 54LS37

SM-A-876196 Dual 4 Input Positive NAND Buffer 54S40

SM-A-87b197 Quad 2 Input OR 5428

SM-A-87b198 Dual D Flip-Flop 54LS74

SM-A-876199 6 Bit Register Conmon Clear 54LS174

SM-A-87b200 Quad D Flip-Flop 54LS175

SM-A-87b201 Dual J-K Flip-Flop 54LS112

SM-A-876203 3 to 8 Line Decoder 54LS138

SM-A-876204 8 Input Multiplexer 54LS251

SM-A-876205 8 Bit Data Selector 54LS151

SM-A-87b206 8 Input Multiplexer 54S151

SM-A-876207 Dual 4 Input Multiplexer 54LS153

SM-A-876209 Quad 2 Input Data Selector/Mux 54LS158

SM-A-876210 8 Input Multiplexer 54S251

SM-A-87b211 Quad 2 Input Data Selector/Mux 54S158

SM-A-876212 4 Bit Shift Register 54LS194

SM-A-876213 4 Bit Shift Register 54S195
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(Continued)

Specification Manufacturer's

Number Description Part Number

SM-A-876214 4 Bit Shift Rel;iter 54LS195

SM-A-876215 8 Bit Parallel Out Shift Register 54LS164

SM-A-876219 Quad Set-Reset Latch 54LS279

SM-A-87b220 4 Bit Comparator 54LS85

SM-A-876222 4 Bit Sync Up/Down Counter 54LS191

SM-A-876223 Sync Binary Counter 54LS163

SM-A-876226 4 Bit Counter 54LS293

SM-A-876227 16 Bit Shift Register 54LS170

SM-A-3?6228 Line Driver 55109

SM-A-Sb7231 256 X 4 RAM 931422DM

SM-A-876232 1024 X I RAM 93L425

SM-A-876233 512 X 8 Bit Bipolar Prom 5341-1

SM-A-876234 lb X 4 FIFO 9403

SM-A-87623b Linear Differential Video Amp 733

SM-A-87b237 4 Bit Bipolar Microprocessor AMD2901

SM-A-876238 Bipolar Microprocessor Sequencer AMD2909

SM-A-876273 Priority Encoder 9318

SM-A-876282 Dual Comparator 52514

SM-A-876285 Quad 2 Input OR 54LS32

SM-A-876286 Sync 4 Bit Up/Down Counter 54LS193

SM-A-876287 Quad 2 Input AND 5408

SM-A-876288 Dual Voltage Controlled Multivibrator MC4324

SM-A-87b289 Digital to Analog Converter MC1508

SM-A-876290 Analog to Digital Control Circuit MS1507
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APPENDIX A
(Continued)

Specification Manufacturer's
Number Description Part Number

SM-A-876295 8 Bit Priority Encoder 4532

SM-A-876300 Dual 4 to 1 Line Multiplexer 54S153

SM-A-876301 Quad 2 Input AND 54LS08

SM-A-876365 4 Bit Sync Binary Counter 54LS161

SM-A-876389 8 Bit Multiple Port Register 9338

SM-A-876390 3 to 8 Line Decoder 54S138

SM-A-876398 Sync 4 Bit Binary Counter 93S16

SM-A-87b399 4 Bit Binary Full Adder 54LS283

SM-A-884399 Quad 2 Input NAND 54500

SM-A-884402 Hex 1 Input Inverter 54S04

SM-A-884494 Quad 2 Input NOR 54502

SM-A-894405 Dual D Type Flip-Flop 54574

SM-A-884407 Quad D Type Flip-Flop 54S175

SM-A-884422 Triple 3 Input Positive AND Gate 54SIl

SM-A-876843 Dual J-K Flip-Flop 54SI12

SM-A-876870 Voltage Comparator AI500

SM-A-876873 CMOS J-K Type Flip-Flop 4027

SM-A-876874 CMOS D Type Flip-Flop 4013

SM-A-876876 CMOS Dual 4 Bit Up Counter 4520

SM-A-876877 CMOS Up/Down Counter 4029

SM-A-876878 CMOS Hex Buffer 4050

SM-A-876878 CMOS Quad 2 Input OR 4071

SM-A-876880 CMOS 2 Input NAND 4011

SM-A-876881 CMOS BCD to Decimal Decoder 4028
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(Continued)

Specification Manufacturer's
Number Description Part Number

SM-A-876882 CMOS Quad 2 Input AND 4081

SM-A-876885 CMOS Triple 3 Input AND 4073

SM-A-876887 CMOS Dual 4 Input NAND 4012

SM'.A-876889 CMOS Quad AND/OR Select 4019

LM-A-876890 CMOS Triple 3 Input NAND 4023

SM-A-876891 CMOS 12 Stage Ripple Carry Binary Counter
Divider 4040

SM-A-87b897 CMOS Dual 4 Input OR 4027

SM-A-876898 CMOS, 8 Bit Addressable Latch 4724

SM-A-876899 CMOS Quad Exclusive OR 4070

SM-A-876900 CMOS Hex D Type Flip-Flop 40174

SM-A-876901 CMOS 8 Channel Data Selector 4512

SM-A-876905 Dual J-K Flip-Flop 54LS112

SM-A-876906 Op Amp LM118

SM-A-876907 CMOS, Binary Counter 40161

SM-A-876908 CMOS Hex Inverter, Buffer 4049

SM-A-876909 CMOS Hex Inverter 4069

SM-A-97b921 CMOS Dual 2 Wide, 2 Input AND/OR Invert
Gate 4085

SM-A-876923 CMOS 3 State Hex Buffer 40097

SM-A-87u924 CMOS Inverting Buffer 40098

SM-A-838046 Hex Inverter 54LS04

SM-A-838048 Dual D Type Flip-Flop 54LS74

SM-A-838055 8 Input NAND Gate 54LS10

SM-A-8380b1 Quad D Type Flip-Flop 54LS175
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APPENDIX A
(Continued)

Specification Manufacturer's
Number Description Part Number

SM-A-838074 Quad 2 to 1 Data Selector 54LS157

SM-A-838084 Sync Up/Down Counter 54LS191

SM-A-838086 Dual Op Amp 747

SM-A-838096 Quad Line Driver 2616

SM-A-838128 Hex Inverter 54S04

SM-A-838129 Quad 2 Input NAND 54S00

SM-A-838134 Quad D Type Flip-Flop 54S74

SM-A-838186 Analog Mux/Demux 4053

SM-A-838261 Operational Amplifier LHOO02

SM-A-838905 Dual J-K Flip-Flop 54LS112

SM-D-780174 Phase Locked Loop 4046

M38510/30001 BCB Quad 2 Input NAND 54LS00

M38510/30003 BCB Hex Inverter 54LS04

M38510/30005 BCB Triple 3 Input NAND 54LS10

M38510/30007 BCB Dual 4 Input NAND 54LS20

M38510/30009 BCB 8 Input NAND 54LS30

M38510/00302 BCB Quad 2 Input NAND 5437

M38510/10102 BCB Dual Operational Amplifier 747

M38510/10401 BCB Line Receiver 55109

M38510/30203 BCB Quad 2 Input NAND 54LS38
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